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Tabela 1. Lista de todos os táxons de Oligoneuriidae assim como seus estágios de ciclo de 
vida conhecidos e distribuição geográfica. Espécies marcadas com asterisco (*) 
representam as espécies-tipo de seus respectivos gêneros e as seguidas por (N) constituem 










Table 1. Taxa and character partitions used for the phylogenetic analysis of Oligoneuriidae. 
OTU representing terminal genera were based on multiple species listed under species. 
Number of specimens of different stages (MI= male imago, FI= female imago, N= nymph) 
studied for morphology coding (CFL= OTU coded from the literature). DNA voucher 
specimen number listed with corresponding gene partition GenBank access number. [As 
soon as we submit the paper "X" will be replaced by access number] Locality information 
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Fig. 1. Chromarcys magnifica, ninfa, vista dorsal. A. Hábito (a seta indica a brânquia 
abdominal I). B. Abdome (a seta indica a brânquia abdominal I). C. Detalhe da cabeça e 




Fig. 2. Elassoneuria trimeniana, ninfa. A. Hábito, vista dorsal. B. Detalhe da cabeça e 
tórax, vista ventral (as setas indicam a brânquia abdominal I e a fileira de dupla cerdas no 




Fig. 3. Oligoneuriella orontoensis, ninfa. A. Hábito, vista dorsal. B. Detalhe da cabeça e 
tórax, vista ventral (as setas indicam a brânquia abdominal I e a fileira de dupla cerdas no 




Fig. 4. Venação das asas anteriores. A. Chromarcys magnifica (modificado de Demoulin, 
1967). B. Colocrus indivicum (modificado de McCafferty, 1990). C. Oligoneuria (Yawari) 




Fig. 5. Pênis, vista ventral. A. Chromarcys magnifica (a seta indica o pedestal do fórceps) 
(modificado de Kluge, 2004). B. Oligoneuria (Oligoneurioides) mitra (a seta indica a 
porção membranosa da placa estilígera) (modificado de Salles et al., 2014). C. 








Fig. 1. Strict consensus of three most parsimonious tree under k value of 3 (total fit = 56.56; 
total adjusted homoplasy = 14.44) recovered from the analysis of 77 morphological 
characters of Oligoneuriidae. Numbers above and below circles are characters and state 







Fig. 2. Strict consensus tree recovered from the analysis of 77 morphological characters of 
Oligoneuriidae (same shown in Fig. 1) with node numbers within circles and support values. 
Numbers above and below branches indicate Frequency Difference indices (GC) and 





Fig. 3. Bayesian inference consensus of post-burnin trees (average =lnL = -15237.84) 




28S) of Oligoneuriidae. Numbers above and below branches indicate posterior probabilities 





Fig. 4. Bayesian inference consensus of post-burnin trees (average =lnL = -15870.498) 
resulting of the mixed-model analysis of the total evidence dataset (partitions: COI, 16S, 
18S, 28S, and morphology) of Oligoneuriidae. Values above branches are posterior 





Fig. 5. Time-calibrated (millions of years) phylogeny for Oligoneuriidae resulting of a mixed-
model relaxed uncorrelated lognormal clock analysis of the molecular dataset (partitions: 
COI, 16S, 18S, 28S). At each node, the 95% credible interval of divergence estimates (blue 
node bars) and results of biogeographical analyses are given. Coloured circles and pie 
charts at nodes represent geographical distributions, corresponding to Zoogeographical 
Regions as showed in the world map above. Pie charts at nodes represent S-DIVA results 
(based on IB analysis of molecular data): colors correspond to Zoogeographical Regions, 
except gray for compound areas and black for numerous ancestral areas with low 
probabilities. Letters and probabilities at left side of pie charts indicate DEC results. Nodes 
marked with an asterisk had prior ages calibrated using fossils. Geological time scale used 















Fig. 1. World map with sampling sites (red triangle) of all barcoded specimens of 
Oligoneuriidae (n = 97)………………………………………………….…………………………………………………… 
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Fig. 2. Map of South America showing political division with distribution of Oligoneuriidae 
species. (A) Circles corresponds to distributions of species of Fittkauneuria and Lachlania - 
F. adusta: orange; L. alcidesi: black; L. aldinae: yellow; Lachlania L1: white; Lachlania L2: 
red; Lachlania L4: pink; Lachlania L5: green; Lachlania L6: dark blue; Lachlania sp.7: light 
blue. (B) Squares and triangles corresponds to distributions of species of Homoeoneuria 
and Oliogneuria - H. watu: white; Homoeoneuria sp.1: pink; O. amandae: red; O. 
amazonica: blue; O. anatina: yellow; O. macabaiba: green; O. mitra: 









Fig. 2. Frequency histogram of intraspecific and interspecific pairwise genetic K2P 




Fig. 3. Intraspecific K2P genetic distances in relation to Nearest Neighbour distance (NN) 
for all Oligoneuriidae data. (A) Mean intraspecific distance compared to distance to NN; 
(B) Maximum intraspecific distance compared to distance to NN. Points that falls above 
the 1:1 line indicate the presence of a local barcode gap, while points below indicate the 









Fig. 1. Measurements and nomenclature of forewing veins used to describe the new 
species. A = length from divergence point of R3 to apex; B = total length of wing; C = length 




Fig. 2. Neighbour-joining tree for COI sequences modeled by Kimura 2-parameter (K2P). 
Numbers above branches are bootstrap values (only above 50%) / K2P divergence 




Fig. 3. Lachlania alcidesi, sp. nov., imagoes. A. Female imago, dorsal view. B. Female imago, 
ventral view. C. Female imago, detail of head. D. Male imago, dorsal view. E. Female imago, 
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Fig. 7. Map of Brazilian biomes showing the distribution of Lachlania specimens sampled 
in this study; in detail State of Espírito Santo. Black circle = L. alcidesi, sp. nov.; white circle 
= L. aldinae, sp. nov.; grey triangle = Lineage 1; red triangle = Lineage 2; yellow triangle = 










Fig. 1. Oligoneuria (Yawari) anatina, sp. nov., male imago. A. Dorsal view. B. Genitalia, 
ventral view. C. Penis, ventral view. D. Penis, ventral view, SEM photograph. E. Detail of 





Fig. 2. Oligoneuria (Yawari) anatina, sp. nov., imagoes. A. Male imago, forewing. B. Female 
imago, ventral view of segments IX and X…………………………………………………………………..……… 
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Fig. 3. Oligoneuria (Yawari) anatina, sp. nov., nymph. A. Dorsal view. B. Lateral view (setae 
showing tubercles on vertex). C. Detail of head (setae showing projected plates near base 
of antennae). D. Fore leg, anterior surface. E. Hind leg, posterior surface. F. Hind leg, detail 







Fig. 4. Frequency distributions of pairwise intra- and interspecific comparisons by Kimura 






Figs. 1-3. Phylogenetic hypotheses with supporting synapomorphies (circles) and group 
support (grey rectangles: left Bremer support, right GC values). 1, Complete dataset 
analysis (11 species and 57 characters), strict consensus of 15 shortest trees; 2, analysis 
performed after the exclusion of Oligoneuria anomala (ten species and 57 characters), 
strict consensus of three shortest trees; 3, tree obtained with dataset comprising only 
species with known nymphs (eight species and 57 characters), strict consensus of two 








Figs. 4-6. Distribution of Oligoneuria species. 4, Distribution of all species in South America; 
5, detail of the distribution of O. (Od.) mitra sp.n., O. (Y.) truncata sp.n. and O. (Od.) 
amazonica in northern Brazil (Amazonas and Roraima states); 6, detail of the distribution 
of O. (Og.) anomala, O. (Od.) macabaiba and O. (Od.) amandae sp.n. in southeastern Brazil 
(Rio de Janeiro and Espirito Santo states). Bullseye: O. (Og.) anomala; black circles: O. (Od.) 
mitra sp.n.; white circles: O. (Y.) truncata sp.n.; grey circles: O. (Od.) amazonica; black 










Figs. 7-12. Oligoneuria spp., adults. 7 and 8, O. (Od.) mitra sp.n.; 7, female imago (dorsal 
view); 8, male imago (dorsal view). 9 and 10, O. (Od.) amandae sp.n.; 9, female imago 
(dorsal view); 10, male imago (dorsal view); 11, O. (Y.) truncata sp.n., head and thorax of 
male imago (lateral view); 12, O. (Od.) mitra sp.n., detail of head and thorax of male imago 






Figs. 13-15. Oligoneuria spp., forewings. 13, O. (Od.) amandae sp.n., female; 14, O. (Od.) 




Figs. 16-19. Oligoneuria spp., ventral view of adults segment IX. 16, O. (Od.) mitra sp.n., 
general view of male genitalia; 17, O. (Od.) amandae sp.n., female. 18 and 19, O. (Y.) 
truncata sp.n.; 18, general view of male genitalia; 19, detail of penis (me, membrane 







Figs. 20-25. Oligoneuria spp., male genitalia. 20, O. (Od.) amazonica; 21, O. (Od.) 
macabaiba; 22, O. (Od.) amandae sp.n. (arrow showing apex of styliger projection); 23, O. 




Figs. 26-30. Oligoneuria (Od.) amazonica, nymph. 26, General habitus; 27, head and 
pronotum (arrows indicating lateral incision); 28, fore leg; 29, hind leg; 30, hind leg, detail 




Figs. 31-35. O. (Od.) amandae sp.n., nymph. 31, General habitus; 32, head and pronotum; 
33, fore leg; 34, hind leg (anterior view); 35, hind leg (posterior view)…………………………..……. 
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Figs. 36-40. O. (Od.) mitra sp.n., nymph. 36, General habitus; 37, head and pronotum; 38, 
fore leg; 39, hind leg; 40, detail of hind tarsus and claw………………………………………………………. 
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Figs. 41-46. O. (Y.) truncata sp.n., nymph. 41, General habitus; 42, head and pronotum of 
a pharate nymph; 43, head and pronotum of a nearly mature nymph (arrows indicating 
epimera and episterna); 44, fore leg (arrow indicating projection on apex of femur); 45, 





Figs. 47-53. Oligoneuria spp. nymphs, details of legs. 47–49, Inner margin of femur; 47, O. 
(Y.) truncata sp.n.; 48, O. (Od.) amandae sp.n.; 49, O. (Od.) mitra sp.n.; 50–53, detail of 
inner margin of hind tibia; 50, O. (Y.) truncata sp.n.; 51, O. (Od.) amandae sp.n.; 52, O. 





Figs. 54-61. Oligoneuria spp., nymphs, SEM photographs. 54–56, O. (Od.) mitra sp.n.; 54, 
head (setae showing lateral incisions); 55, apex of antenna; 56, ventral view of meso- and 
metathorax and abdominal segment I (white ellipses surrounding sternal tuft of setae); 57 
and 58, O. (Y.) truncata sp.n.; 57, apex of fore femur (posterior view, arrow indicating 
apical projection); 58, hind tarsus and claw; 59 and 60, O. (Od.) mitra sp.n.; 59, hind tarsus 
and claw; 60, detail of gill I (ellipse surrounding external lamella); 61, O. (Y.) truncata sp.n., 

















Appendix 1. List of specimens analyzed. Stage acronyms: N, nymph; MI, male imago, FI, 
female imago. For depository acronyms see text.  Determiner acronyms: AW, André 
Wagner; DMT, Daniela Maeda Takiya; DS, Denise Studemann; FCM, Fabiana Criste 
Massariol; FFS, Frederico Falcão Salles; ICG, Inês Corrêa Gonçalves; MS, Michael Sartori; 










Appendix 3. Nexus file including concatenated molecular data of four gene partitions (COI, 
16S, 18S, and 28S) used for the phylogenetic analysis of Oligoneuriidae. MrBayes command 




Appendix 4. Phylogenetic hypothesis from the maximum likelihood analysis (lnL = -
15721.49975) based on mixed-model total evidence dataset (partitions: COI, 16S, 18S, 28S, 






Appendix 5. Phylogeny for Oligoneuriidae resulting of analysis of combined dataset 
(partitions: COI, 16S, 18S, 28S, morphology). Coloured circles and pie charts at nodes 
represent geographical distributions, corresponding to Zoogeographical Regions as 
showed in the world map above. Pie charts at nodes represent S-DIVA results (based on IB 
analysis of combined data): colors correspond to Zoogeographical Regions, except gray for 












Table S1. List of all specimens barcoded with their respective voucher number, Genbank 
code, BOLD code, and locality of sampling site. GenBank code followed by * and ** means 
that these sequences were previously published by Massariol & Cruz 2015 and Massariol 
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Oligoneuriidae é uma família Pantropical de Ephemeroptera composta por 12 gêneros e 62 
espécies. Três subfamílias são reconhecidas, Chromarcyinae com uma única espécie da Região 
Oriental, Colocrurinae com duas espécies fósseis do Brasil e Oligoneuriinae com as demais 
espécies distribuídas nas Américas e regiões Afrotropical e Paleártica. Seus imaturos habitam 
ambientes aquáticos com diferentes níveis de perturbação, podendo ser utilizadas como 
bioindicadores de qualidade de água. Entretanto, a taxonomia do grupo é complexa, uma vez 
que ninfas e adultos não apresentam muitos caracteres morfológicos diagnósticos e a maioria 
das espécies não foi descrita com base em todos os estágios do ciclo de vida. Neste contexto, a 
utilização de códigos de barra de DNA se torna uma ferramenta útil e complementar à 
taxonomia tradicional. Como resultado da presente tese, seis novas espécies foram descritas 
— L. alcidesi, L. aldinae, O. (O.) amandae, O. (O.) mitra, O. (Y.) anatina e O. (Y.) truncata — e os 
subgêneros Madeconeuria e Yawari foram elevados à nível genérico, assim, a família passa a 
contar com 14 gêneros e 68 espécies. A análise de parcimônia dos dados morfológicos e a 
máxima verossimilhança e inferência bayesiana dos dados moleculares e combinados suporta 
a divisão em três subfamílias. Além disso, com base nos agrupamentos recuperados em todas 
as análises três novas tribos foram propostas: Homoeoneuriini, Elassoneuriini e 
Oligoneuriellini. De acordo com as análises biogeográficas (S-DIVA e Lagrange) e de estimativas 
de tempo de divergências a família se originou no supercontinente Gondwana há cerca de 150 
milhões de anos atrás, porém numa área restrita à Região Neotropical. 97 sequências 
representando 73% dos gêneros viventes e 20% das espécies descritas de Oligoneuriidae 
foram depositadas no BOLD em um novo projeto chamado “DNA Barcoding of Oligoneuriidae”. 
O valor de divergência intraespecífico máximo encontrado foi alto (15.05%), o que pode estar 
ligado à presença de espécies crípticas. Apesar da existência de uma lacuna no DNA barcode 
local, tal lacuna não foi detectada no DNA barcode global para Oligoneuriidae. 
 
 
Palavras-chave: Chave de identificação, Código de barras do DNA, COI, Delimitação de 







Oligoneuriidae is a Pantropical Family of Ephemeroptera composed by 12 genera and 62 
species. Three subfamilies are recognized, Chromarcyinae with a single species from Oriental 
Region, Colocrurinae with two fossil species from Brazil, and Oligoneuriinae with the 
remainder species distributed in Americas, Afrotropical and Palearctic regions. Their immature 
stage inhabits a wide variety of aquatic environments with different levels of disturbance. As a 
consequence, Oligoneuriidae species could be used as bioindicator however their taxonomy is 
somewhat complex once nymphs and adults do not show many diagnostic morphological 
characteristics and most species have not been described based on all stages of the life cycle. 
In this context, the use of DNA barcodes becomes a useful and complementary tool for 
traditional taxonomy. As a result of the present thesis, six new species were described — L. 
alcidesi, L. aldinae, O. (O.) amandae, O. (O.) mitra, O. (Y.) anatina, and O. (Y.) truncata — and 
the subgenera Madeconeuria and Yawari were raised at the generic level, so the family now 
has 14 genera and 68 species. The parsimony analysis of the morphological data and the 
maximum likelihood and bayesian inference of the molecular and combined data supports the 
division into three subfamilies. In addition, based on the clusters recovered in all analyzes, 
three new tribes were proposed: Homoeoneuriini, Elassoneuriini, and Oligoneuriellini. 
According to biogeographic analyses (S-DIVA and Lagrange) and divergence time estimation 
analysis Oligoneuriidae originated about 150 Mya on the Gondwan continent, but restrict to 
Neotropical Region. 97 sequences representing 73% of living genera and 20% of the described 
species of Oligoneuriidae were deposited in BOLD in a new project called “DNA Barcoding of 
Oligoneuriidae”. The maximum intraspecific divergence value was high (15.05%), which may 
be related to the presence of cryptic species. Despite the existence of a local DNA barcode, a 
global DNA barcode was not detected for Oligoneuriidae. 
 
 
Key words: COI, DNA barcoding, Key identification, Macroinvertebrates, Phylogeny, 
Reconstruction of ancestral areas, Species delimitation. 
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1 INTRODUÇÃO GERAL 
 
1.1 Posicionamento de Oligoneuriidae em Ephemeroptera 
 
Eaton (1883-1888) foi pioneiro na classificação de Ephemeroptera, dividindo a ordem 
em quatorze seções — Palingenia, Polymitarcys, Ephemera, Potamanthus, Leptophlebia, 
Ephemerella, Caenis, Prosopistoma, Baetis, Siphlurus, Baetisca, (provisional), Atopopus, e 
Ecdyurus — a partir de caracteres dos adultos. A família Oligoneuriidae, representada por 
Oligoneuria Pictet, 1843, Elassoneuria Eaton, 1881, Spaniophlebia Eaton, 1881, Lachlania 
Hagen, 1868 e Homoeoneuria Eaton, 1881, estava inserida na secção Palingenia. Esta divisão 
foi seguida até a década de 60, quando surgiram várias propostas de classificação da ordem 
(e.g. Edmunds & Traver, 1954; Demoulin, 1958; Edmunds, 1962; McCafferty, 1979). Edmunds 
(1962) reconheceu cinco superfamílias dentro de Ephemeroptera: Heptagenioidea, 
Leptophlebioidea, Ephemeroidea, Caenioidea e Prosopistomatoidea. Nesta classificação 
Oligoneuriidae fazia parte de Heptagenioidea juntamente com Siphlonuriidae, Baetidae, 
Heptageniidae e Ametropodidae. McCafferty (1991a) propôs a divisão da ordem em três 
subordens, Pisciforma, Rectracheata e Setisura (ou Heptagenioidea), sendo a última formado 
por Oligoneuriidae, Coloburiscidae, Isonychiidae e Heptageniidae. Oito sinapomorfias foram 
atribuídas à Setisura: 1) palpos maxilar e labial altamente desenvolvidos; 2) artículos II e III do 
palpo maxilar fusionados; 3) artículos II e III do palpo labial fusionados; 4) palpo labial 
alargado; 5) brânquias abdominais com lamela e tufos filamentosos basais; 6) ramo anterior 
principal do tronco traqueal levando à maxila; 7) gônadas posicionadas dorsolateral ou 
lateralmente ao canal alimentar; e 8) asa anterior com algumas veias intercalares distais 
subparalelas à CuA. Mais tarde McCafferty (comunicação pessoal; Ogden & Whiting, 2005) 
incluiu Pseudironidae e Arthropleidae em Heptagenioidea.  
Kluge (2004), seguindo seu próprio método de classificação, propôs em seu livro uma 
nova classificação para a ordem, em que Oligoneuriidae, Isonychiidae e Coloburiscidae 
pertenciam à Eusetisura e Pseudironidae, Heptageniidae e Arthropleidae pertenciam à 
Heptagennota. Segundo Kluge o grupo Eusetisura é caracterizado pelas seguintes apomorfias 
únicas: 1) pernas anteriores das larvas são especializadas para filtrar, com fêmur e tíbia 
modificados; e 2) base das maxilas com brânquia traqueal, podendo ser simples ou com 
múltiplos ramos. Eusetisura + Heptagennota formam um grupo chamado Branchitergalia, que 
possui como autapomorfias: 1) superfície ventral da maxila com uma fileira longitudinal de 
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longas cerdas; 2) brânquias com lobo ventral fibriloso adicional; 3) os ovos possuem knob-
terminated coiled threads, estrutura conhecida como KCT (Kluge, 2004). 
Ogden & Whiting (2005) foram pioneiros em utilizar dados moleculares para realizar 
análises filogenéticas para elucidar a classificação dos táxons superiores da ordem 
Ephemeroptera. Baseadas em dois marcadores mitocondriais (12S, 16S) e três nucleares (18S, 
28S, H3) os autores chegaram à conclusão de que Setisura não forma um grupo monofilético e, 
além disso, Oligoneuriidae foi recuperado como grupo-irmão de Furcatergalia, porém esse 
posicionamento não foi estável. Mais tarde Ogden et al. (2009), através de 101 caracteres 
morfológicos de ninfas e adultos e cinco marcadores moleculares (os mesmos utilizados por 
Ogden & Whiting, 2005) realizaram análises filogenéticas na tentativa de esclarecer questões 
levantadas no trabalho anterior. Os resultados obtidos mostraram que Setisura não formou 
um grupo monifilético e os autores supunham, através de mapeamento dos caracteres de 
McCafferty (1991b), que este agrupamento se baseava em convergências e/ou plesiomorfias e 
não em apomorfias únicas. Da mesma forma Eusetisura foi recuperado como parafilético nas 
análises de Ogden et al. (2009) e eles assumiram que as características como tufo de brânquia 
nas maxilas e presença de cerdas filtradoras nas pernas anteriores apareceram 
independentemente em Oligoneuriidae, Isonychiidae e Coloburiscidae ou refletem condições 
plesiomórficas.  
 
1.2 Histórico da classificação da família 
 
A história da família Oligoneuriidae Ulmer, 1914 teve início com a descrição de 
Oliogneuria anomala Pictet, 1843, espécie que apresentava um conjunto de caracteres únicos: 
venação escassa (principalmente em relação às veias transversais) e pernas atrofiadas (Pictet, 
1843). A espécie foi inicialmente incluída em Ephémérine e depois Ulmer (1914) estabeleceu 
formalmente a família Oligoneuriidae para incluí-la. Após a descrição do gênero Oligoneuria 
por Pictet mais dez gêneros foram descritos até o início do século XXI, Lachlania; 
Homoeoneuria; Elassoneuria; Spaniophlebia; Oligoneuriella Ulmer, 1924; Chromarcys Navás, 
1932; Oligoneurisca Lestage, 1938; Oligoneuriopsis Crass, 1947; Colocrus McCafferty, 1990; e 
Fittkauneuria Pescador & Edmunds, 1994. O gênero mais recente — Rianilaneuria Pescador & 
Peters, 2007 — foi descrito com base em adultos de ambos os sexos e ovos proveniente de 
Madagascar. Todas as espécies pertencentes aos gêneros citados acima (Tabela 1) possuem 
uma posição estável quanto à sua classificação em nível de família, com exceção de 
Chromarcys. Navás em 1932 descreveu Chromarcys e o classificou como Polymitarcyidae e 
mais tarde Demoulin (1953) descreveu uma nova subfamília para Oligoneuriidae, 
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Chromarcyinae para incluir tal gênero. Porém Edmunds & Traver (1954) alocaram Chromarcys 
e Pseudoligoneuria Ulmer, 1939 dentro Oligoneuriidae na subfamília Pseudoligoneuriinae. 
Edmunds (1962) sinonimizou estes dois gêneros e Edmunds, Allen & Peters (1963) assumiram 
a classificação de Demoulin (1953): Oligoneuriidae-Chromarcyinae. Posteriormente, 
Chromarcyinae foi elevada à família por Tshernova (1970), porém a antiga classificação 
(Oligoneuriidae-Chromarcyinae) foi seguida por diversos autores, como McCafferty & 
Edmunds (1979) Landa & Soldán (1985), Hubbard (1990), McCafferty (1990), entre outros. 
Todo o histórico conturbado acerca do posicionamento filogenético de Chromarcys se deve 
principalmente à grande diferença encontrada entre ninfas e adultos e que torna o gênero 
interessante do ponto de vista evolutivo. As ninfas possuem características típicas de 
Oligoneuriinae, porém os adultos mantiveram o conjunto completo de veias na asa 
(McCafferty, 1990), sem qualquer evidência de tendência à geminação das veias longitudinais. 
Vale ressaltar que o gênero fóssil Protoligoneuria Demoulin, 1955, encontrado no 
Ceará, esteve historicamente relacionado à Oligoneuriidae, sendo inicialmente classificado 
como pertencente à família. Apesar do fóssil ser semelhante aos representantes de 
Siphlonuriidae e Oligoneuriidae, Demoulin o alocou em Oligoneuriidae devido à sua 
distribuição geográfica (América do Sul) e à semelhança na morfologia externa (abdome com 
projeções posterolaterais). Esta classificação foi seguida por Landa & Soldán (1985), porém 
McCafferty (1990) alocou o gênero em Hexagenitiidae, uma família fóssil. Para McCafferty a 
ausência de características de ninfas de Oligoneuriidae, principalmente as cerdas longas 
filtradoras nas pernas anteriores, excluem Protoligoneuria de Oligoneuriidae. Além disso, 
algumas características encontradas em imaturos de Ephemeropsis Eichwald, 1864 (gênero de 
Hexagenitiidae), como corpo minnowlike com processos posterolaterais no abdome, pernas 
estreitas e filamentos caudais especializados para nadar levaram McCafferty a incluir 
Protoligoneuria em Hexagenitiidae. Esta classificação foi seguida por Martins-Neto (1996) e 
Staniczek (2007), porém Kluge (2004) considerou Protoligoneuria como insertae sedis. 
Análises filogenéticas conduzidas por Ogden & Whiting (2005) e Ogden et al. (2009) 
recuperaram com alto valor de suporte (ambos com bootstrap>90 e bremer>2) Oligoneuriidae 
como uma família monofilética. Entretanto, os objetivos dos trabalhos não eram esclarecer os 
relacionamentos entre os gêneros dentro da família assim um baixo número de 
representantes foi incluído nas análises (cada trabalho com quatro gêneros). Apenas três 
trabalhos pontuais envolvendo a sistemática de Oligoneuriidae foram desenvolvidos afim de 
elucidar o relacionamento entre espécies: Homoeoneuria (Pescador & Peters, 1980; Salles et 
al., 2009) e Oligoneuria (Salles et al., 2014). Até o momento apenas McCafferty (1990) 
abordou a sistemática da família como um todo, porém nenhuma análise cladística 
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quantitativa foi realizada. Com base no nível de especialização na asa McCafferty (1990) dividiu 
Oligoneuriidae em três subfamílias, Chromarcyinae Demoulin, 1953, Colocrurinae McCafferty, 
1990 e Oligoneuriinae Ulmer, 1914. Chromarcyinae é monotípica, representada por 
Chormarcys magnifica Navás, 1932, espécie distribuída na Região Oriental. Colocrurinae é uma 
subfamília fóssil composta por duas espécies de Colocrus, ambas da Formação Santana, Crato, 
nordeste do Brasil (McCafferty, 1990; Staniczek, 2007). As demais 65 espécies e dez gêneros 
(Lachlania; Homoeoneuria; Oligoneuria; Fittkauneuria; Spaniophlebia; Elassoneuria; 
Rianilaneuria; Oligoneuriopsis; Oligoneuriella e Oligoneurisca) são incluídas em Oligoneuriinae 
e possuem uma ampla distribuição no Velho e Novo Mundo (Tabela 1). Das 68 espécies de 
Oligoneuriidae, apenas nove possuem todos os estágios descritos, sendo no geral 15 ovos 




 Os representantes da família Oligoneuriidae possuem características bastante distintas 
dentre os Ephemeroptera e formam um grupo de fácil determinação (Edmunds, 1976). Porém, 
a identificação em níveis inferiores da hierarquia lineana, especialmente em espécie, não é um 
trabalho simples devido à uma série de fatores. O principal deles é a carência histórica de 
especialistas no grupo somado às descrições antigas, incompletas e baseadas em poucos 
indivíduos. Além disso, a dificuldade de técnicas para associação de estágios do ciclo de vida e 
a dificuldade em relação à morfologia externa complexa (adultos com veias longitudinais 
geminadas e pênis membranoso) (Fig. 4C) pode levar ao impedimento na determinação de 
muitos táxons do grupo.  
  As ninfas apresentam tufos de brânquias na base das maxilas e dupla fileira de cerdas 
nos fêmures e tíbias anteriores (Figs. 1–3) (Domínguez et al., 2006). Esta última característica 
deu origem ao nome popular da família, brushleg mayfly (brush = escova/pincel). Todos os 
oligoneurídeos possuem a primeira brânquia abdominal na região ventral (Figs. 2B, 3B), com 
exceção de Chromarcys e Colocrus, onde a mesma localiza-se na região dorsal (Fig. 1A, B). 
Assim como os imaturos, os adultos da família também possuem características muito 
conspícuas. As asas anteriores e posteriores dos Oligoneuriinae são extremamente 
modificadas (Figs. 4C): as veias longitudinais são dispostas em pares estreitamente unidos, 
podendo ser chamadas de veias geminadas (Domínguez et al., 2006); as veias intercalares são 
reduzidas em número; e as veias transversais demonstram tendência em desaparecer (Kluge, 
2004). Ao contrário das asas dos demais oligoneurídeos, C. magnifica possui asas com muitas 
veias intercalares e transversais (Fig. 4A), tendo inclusive em número maior comparado com os 
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demais Ephemeroptera (Kluge, 2004), enquanto as de Colocrus possuem características 
intermediárias tendo claramente tendência à geminação de algumas veias longitudinais 
(McCafferty, 1990) (Fig. 4B). As genitálias dos Oligoneuriinae são complexas e apresentam 
estruturas peculiares, sendo as principais características: 1) placa estilígera com porção 
mediana membranosa (Fig. 5B) ou ligeiramente espessada (Grandi, 1950); 2) pedestal do 
fórceps ausente (Fig. 5B) (Kluge, 2004); e 3) fórceps de consistência membranosa (Grandi, 
1950) e ausente em Homoeoneuria (Fig. 5C) e Fittkauneuria (Kluge, 2004). Por outro lado, C. 
magnifica possui genitália com estrutura simples (Fig. 5A), com o pedestal do fórceps amplo e 




 Os primeiros estudos biogeográficos da ordem Ephemeroptera foram desenvolvidos 
por Edmunds (1972; 1975; 1979; 1982), McCafferty et al. (1992) e McCafferty (1998; 1999). A 
partir de então uma série de trabalhos restritos a alguns gêneros (e.g. Domínguez, 1999; 
Molineri & Salles, 2013; Nieto, 2016), a algumas famílias (e.g. Bae & McCafferty, 1998; Savage, 
2013) ou a áreas limitadas (e.g. Sartori et al., 2000) têm sido publicados. A grande maioria 
destes trabalhos analisaram dados morfológicos sob métodos analíticos da biogeografia 
cladística, como a obtenção de cladograma geral de áreas através de cladograma taxonômicos. 
Os dados moleculares têm se tornando cada vez mais acessíveis e seu uso vem permitindo um 
avanço considerável em estudos biogeográficos. Assim passa a ser possível a corroboração de 
hipóteses de vicariâcia e dispersão utilizando métodos de calibração através de fósseis 
previamente datados. O número de estudos utilizando dados moleculares para reconstruções 
biogeográficas de Ephemeroptera vêm crescendo recentemente (e.g. Sekiné et al., 2013; 
Vuataz et al., 2013; Rutschmann, 2014). 
A família Oligoneuriidae está distribuída em todas as regiões do globo com exceção da 
Oceania e da Região Australiana e oferece uma interessante oportunidade para a realização de 
estudos quanto à distribuição de seus representantes. Chromarcys está restrito à Região 
Oriental; Oligoneurisca à Paleártica; Rianilaneuria à Madagascar; Colocrus, Spaniophlebia, 
Fittkauneuria e Oligoneuria são restritos à Região Neotropical; Lachlania e Homoeoneuria 
possuem representantes nas regiões Neártica e Neotropical; Elassoneuria nas regiões 
Afrotropical e Madagascar; Oligoneuriella na Paleártica, e Saaro-arabiana; e por fim 
Oligoneuriopsis na Paleártica, Saaro-arabiana e Afrotropical (Tabela 1). 
A ausência de hipóteses filogenéticas para Oligoneuriidae não permitiu a realização de 
nenhuma análise biogeográfica formal até o momento. Entretanto, algumas hipóteses foram 
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levantadas, como a possível origem da família no supercontinente Gondwana (Edmunds, 1979; 
McCafferty, 1999). Edmunds (1972) supôs que Oligoneuriidae teria se originado numa área 
combinada pelas regiões hoje conhecidas como Afrotropical + Neotropical. Por outro lado, 
Edmunds (1975; 1979) supôs que a área de origem do grupo seria uma área composta por 
América do Sul + África + Madagascar + Índia, sendo Chromarcys grupo-irmão dos demais 
representantes da família. Além disso, foi sugerido que tanto Lachlania como Homoeoneuria 
teriam se originado na América do Sul e se dispersaram para a América do Norte e Central 
(Edmunds, 1982; McCafferty et al., 1992; McCafferty, 1998) através do Istmo do Panamá, 
durante o evento conhecido como Grande Intercâmbio Americano (Edmunds, 1982), ocorrido 
no Plioceno tardio há cerca de 3,5 milhões de anos atrás (Sanmartín & Ronquist, 2004). A 
presença de Oligoneuriella na Região Paleártica foi explicada por evento de dispersão através 
das regiões Afrotropical (Edmunds, 1979) ou Oriental (McCafferty, 1999). A atual distribuição 
de Homoeoneuria, Oligoneurisca e Rianilaneuria continua enigmática e para manter a hipótese 
de que Oligoneurisca tenha se originado na Gondwana, Edmunds (1979) supôs que o gênero 
pode ter sido extinto ou ainda não coletado na Região Afrotropical. McCafferty et al. (1992) 
deduziram que um evento vicariante teria ocorrido entre Homoeoneuria (Notochora) e 
Homoeoneuria (Homoeoeneuria), subgêneros até então restritos respectivamente às regiões 
Neotropical e Neártica. Porém, após a descoberta de uma nova espécie (Homoeoneuria watu 
Salles, Soares & Francischetti, 2009) no Brasil e a seu posicionamento dentro de Homoeoneuria 




 As ninfas de Oligoneuriidae habitam rios de pequeno à grande porte com fundo 
arenoso e geralmente com correntezas médias a muito rápidas (Domínguez et al., 2006). A 
preferência por águas correntes deve estar ligada ao modo de alimentação, no qual os 
imaturos filtram partículas de matéria orgânica da água com as longas cerdas presentes nos 
fêmures anteriores e pastam sobre o material coletado (Edmunds et al., 1976). Além disso, 
segundo Kluge (2004) as brânquias abdominais das ninfas de Eusetisura (Oligoneuriidae, 
Isonychiidae e Coloburiscidae) perderam a capacidade de movimentos respiratórios rítmicos, 
assim viver em águas correntes facilitaria as trocas de oxigênio. Porém Salles et al. (2009) 
notaram que ninfas de H. watu movimentavam suas brânquias e eles hipotetizaram que esse 
comportamento ajuda no processo respiratório ou auxilia na captura de alimentos através da 
filtração. 
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Os imaturos apresentam dois tipos distintos de hábitats: 1) as ninfas que geralmente 
são encontradas agarradas à pequenos gravetos nos interstícios entre as rochas ou em ramos 
submersos e 2) as que habitam a areia no leito dos rios. Chromarcys, Lachlania, Oligoneuria, 
Fittkauneuria, Elassoneuria, Oligoneuriopsis e Oligoneuriella fazem parte do primeiro grupo, 
enquanto Homoeoneuria e Oligoneurisca do segundo. As ninfas de Spaniophlebia e de 
Rianilaneuria ainda são desconhecidas, porém acredita-se que a primeira faça parta do grupo 
que vive agarrada à gravetos e a segunda pertença ao grupo que vive em areia. Essa hipótese 
foi levantada devido à similaridade morfológica entre os gêneros, adultos de Spaniophlebia 
compartilham características com os de Lachlania e Oligoneuria (e.g. cabeça com extensão 
membranosa ventral; Gonçalves et al., 2013), enquanto adultos de Rianilaneuria possuem 
atributos presentes tanto em Homoeoneuria quanto em Oligoneurisca (e.g. pernas com coxas 
alongadas; Pescador & Peters, 2007). Um comportamento interessante foi apontado para 
ninfas de Lachlania, quando perturbadas colocam os filamentos caudais sob o dorso do 
abdome (Edmunds et al., 1976). 
 Os oligoneurídeos formam um grupo único e possivelmente o mais altamente 
modificado dentre os adultos de Ephemeroptera por causa de sua adaptação para voos 
rápidos (McCafferty & Edmunds, 1979). Llyod (Needham, 1932) passou duas semanas 
observando o voo de Lachlania caucatana Needham, 1932 nos Andes colombianos e passou a 
ter uma grande admiração por estes efemerópteros, cujo voo era tão rápido que foi 
comparado aos das mais rápidas odonatas. Embora exista uma variação na altura, os adultos 
são geralmente encontrados voando próximos à lâmina d’água. Voos mais baixos foram 
observados para L. caucatana e H. watu, com 1 polegada (2,5 cm) e 50 cm de distância da 
lâmina d’água respectivamente (Needham, 1932; Salles et al., 2009). Fêmeas de Lachlania 
boanovae Da-Silva & Pereira, 1993 foram encontradas voando à uma distância maior da lâmina 
d’água, cerca de três metros (Da-Silva & Pereira, 1993). 
 No geral, as imagos são encontradas voando durante a manhã até por volta do meio 
dia, como no caso de Homoeoneuria dolani Edmunds, Berner & Traver, 1958, Homoeoneuria 
watu Salles, Francischetti & Soares, 2009, Lachlania boanovae Da-Silva & Pereira, 1993, 
Lachlania santosi Pereira, 1987 e Rianilaneuria diminuta Pescador & Peters, 2007 (Pescador & 
Peters, 1980; Pescador & Peters, 2007), porém algumas espécies, como Homoeoneuria 
ammophila Spieth, 1938, Lachlania dominguezi Pereira, 1989 e Oligoneuria macabaiba 
Gonçalves, Da-Silva & Nessimian, 2011 foram registradas voando no crepúsculo ao entardecer 
(Pereira, 1989; Gonçalves et al., 2011). Não houve muitos relatos quanto à cópula e a 
oviposição dos oligoneurídeos adultos, sendo uma das únicas exceções relatada por Llyod 
(Needham, 1932) sobre L. caucatana. Segundo Llyod os machos e fêmeas em cópula voavam a 
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montante e a jusante no rio, da mesma forma que Odonata e ovipositavam mergulhando a 
ponta do abdome na água com correnteza rápida durante o voo.  
 Foram registrados ciclos de vida univoltinos para espécies de três gêneros de 
Oligoneuriidae – Oligoneuriopsis, Lachlania e Homoeoneuria. Estudando a biologia de ninfas de 
três espécies de Oligoneuriopsis, Agnew (1973) observou que as ninfas não eram encontradas 
durante o inverno, os ovos eram postos no outono, durante a primavera eram encontradas 
ninfas jovens e somente no final do verão os adultos eram encontrados. Assim Agnew supôs 
que os ovos passam por seis meses de diapausa. O fato de que ninfas muito pequenas não 
eram encontradas em associação com ninfas muito desenvolvidas suportou a hipótese de que 
as espécies estudadas teriam apenas uma geração por ano. Edmunds et al. (1976) e Berner & 
Pescador (1988) sugeriram que o ciclo de vida de Lachlania e Homoeoneuria se completa em 
cerca de um ano. O padrão de ciclo de vida encontrado nestes três gêneros pode ser regra 
para todos os integrantes da família, porém mais estudos precisam ser desenvolvidos na 
tentativa de elucidar este fenômeno interessante. É importante salientar que nenhum dos 
estudos acerca do ciclo de vida dos oligoneurídeos foi desenvolvido utilizando espécies de 
regiões tropicais. Assim, estudos da biologia dos oligoneurídeos desta região são necessários e 
imprescindíveis.  
O rápido desenvolvimento das ninfas de Oligoneuriidae e o aumento de sua 
abundância no verão podem ser causados pelo aumento da disponibilidade de alimento — 
matéria orgânica finamente particulada. Este aumento ocorre, pois, a estação é caracterizada 
por fortes chuvas sendo esta responsável tanto pelo revolvimento do leito dos rios como pela 
quebra de material orgânico (e.g. folhas, galhos, raízes) em partículas menores (Giller & 
Twomey, 1993). Gray & Ward (1982) registraram um aumento da densidade de 
Ephemeroptera (Tricorythodes minitus Traver, 1935) e Oligoqueta em um rio de Wyoming 
(EUA) devido ao aumento de matéria orgânica em suspensão por revolvimento do leito do rio. 
O aumento da abundância de organismos filtradores (poríferos, simulídeos, trichópteros) foi 
relada no final do verão em rios de Cork (Kentucky, EUA) por Giller & Twomey (1993). 
 
1.6 Bibliotecas de DNA barcode 
 
 O Código de Barras de DNA ou DNA Barcoding foi proposto por Hebert (2003) como 
um sistema que tem por objetivo fornecer identificações rápidas, precisas e automatizadas de 
espécimes usando regiões genéticas curtas e padronizadas como marcadores exclusivos de 
cada espécie. A utilização de um fragmento parcial do gene mitocondrial citocromo oxidase 
subunidade I (COI) de 648 pares de base foi indicado como um marcador de código de barras 
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(Hebert, 2003) e até momento é a região mais utilizada para diversos grupos de animais (e.g. 
deWaard et al., 2010; Landi et al., 2014; Chambers & Hebert, 2016; Raupach et al., 2016). 
Porém, diversos outros marcadores têm sido utilizados e se mostrado mais eficazes como 
código de barras para plantas, como MatK, RbcL, TrnH-psbA (Li et al., 2014), e para fungos, 
como ITS (Schoch et al., 2011). O DNA Barcoding vem recebendo inúmeros críticas (DeSalle et 
al., 2005; Meier et al., 2006; Brower, 2006), principalmente pelo fato de desvantagens em seu 
uso (fragmento pequeno, gene mitocondrial, árvores de NJ e modelos K2P) e por problemas 
compartilhados com a taxonomia, como produção de códigos de barra baseados em 
espécimes mal identificados. Apesar das críticas a sua eficácia é notável na área da taxonomia, 
sendo utilizado como ferramenta para descobrir espécies ainda não descritas, espécies 
crípticas e associar ciclos de vida (Hebert et al., 2004; Gattolliat & Monaghan, 2010; Hoyos et 
al., 2014; Hernandez-Triana et al., 2015; Divakar et al., 2016; Elderkin et al., 2016). Além disso, 
o uso de código de barras de DNA juntamente com dados morfológicos, ecológicos e 
biogeográficos entre outros faz parte da taxonomia integrativa, prática que tem sido 
altamente recomendada e urgentemente necessária (Tan et al., 2009; Goldstein & DeSalle, 
2010; Padial et al., 2010).  
 O DNA Barcoding é especialmente útil para estudos de organismos de difícil 
identificação devido à taxonomia complexa, ausência de estruturas diagnosticáveis e 
espécimes mal conservados. Neste contexto as bibliotecas de códigos de barra de DNA são 
necessárias e seu contínuo desenvolvimento é essencial para tornar a ferramenta DNA 
Barcode cada vez mais útil. Foram criadas bibliotecas para uma ampla gama de organismos, 
como peixes (Landi et al., 2014), aracnídeos (Robinson et al., 2009), poliquetas (Lobo et al., 
2016), borboletas (Wilson et al., 2013), entre outras.  
Ball et al. (2005) deram um primeiro passo para a construção de uma biblioteca de 
códigos de barra para os Ephemeroptera da América do Norte e Webb et al. (2012) deram 
continuidade ao trabalho. Assim, foi obtido um total de 4165 sequências de COI representando 
18 de 42 famílias conhecidas para a ordem no mundo. Além destes dois estudos mais amplos, 
foram desenvolvidos estudos específicos envolvendo a ordem para algumas localidades mais 
restritas (e.g. Zhou et al., 2010; Kjaerstad et al., 2012) ou para alguns táxons específicos (e.g. 
Stahls & Savolainen, 2008; Alexander et al., 2009). Até o início do desenvolvimento da 
presente tese (2013) nenhum integrante da família Oligoneuriidae havia sido incluído em 
trabalhos com DNA barcode.  
Os imaturos de Oligoneuriidae habitam uma ampla variedade de ambientes aquáticos 
com diferentes níveis de distúrbios, assim são capazes de ocupar desde ambientes prístinos à 
alterados. Dessa forma espécies de Oligoneuriidae poderiam ser empregados como 
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bioindicadores de qualidade de água, porém sua taxonomia é complexa: ninfas e adultos não 
apresentam muitas características morfológicas diagnósticas e a maioria das espécies não foi 




Os oligoneurídeos foram historicamente pouco estudados em todos os seus aspectos 
(taxonômicos, biológicos, filogenéticos, biogeográficos e genéticos), a partir dessa premissa os 
desafios da presente tese englobam vários aspectos da família. Espera-se realizar uma 
investigação sistemática, visando esclarecer como os gêneros da família estão relacionados e 
propor uma classificação que reflita estes relacionamentos. Com base nas filogenias propostas 
pretende-se responder a seguinte pergunta: quais os processos históricos poderiam ter sido 
responsáveis pela distribuição geográfica atual dos gêneros da família? Além disso, espera-se 
contribuir para a diminuição do impedimento taxonômico do grupo, seja através da taxonomia 
alfa tradicional, com descrições de novas espécies, associação de estágios do ciclo de vida, 
elaboração de chaves ou utilizando ferramentas moleculares, através da criação de uma 
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Tabela 1. Lista de todos os táxons de Oligoneuriidae assim como seus estágios de ciclo de vida 
conhecidos e distribuição geográfica. Espécies marcadas com asterisco (*) representam as 
espécies-tipo de seus respectivos gêneros e as seguidas por (N) constituem espécies descritas 
na tese. Abreviações: O=ovo, N=ninfa, IM=imago macho, IF=imago fêmea. 
 
SUBFAMÍLIA  ESPÉCIE ESTÁGIOS CONHECIDOS REGIÃO BIOGEOGRÁFICA DISTRIBUIÇÃO 
Chromarcyinae Chromarcys C. magnifica* O, N, IM, IF Oriental Indonésia, Vietnã, China 
Colocrurinae Colocrus C. indivicum* N, IM, IF Neotropical Brasil (CE) 
  C.? magnum N, IM, IF Neotropical Brasil (CE) 
Oligoneuriinae Oligoneuria O. (Oligoneuria) anomala* IF Neotropical Brasil (RJ) 
  O. (Oligoneurioides) amandae N N, IM, IF Neotropical Brasil (ES) 
  O. (Oligoneurioides) amazonica O, N, IM, IF Neotropical Brasil (AM, MA, MT, PA, RO, RR) 
  O. (Oligoneurioides) itayana O, N, IM, IF Neotropical Peru 
  O. (Oligoneurioides) macabaiba IM, IF Neotropical Brasil (RJ) 
  O. (Oligoneurioides) mitra N N, IM, IF Neotropical Brasil (AM) 
  O. (Yawari) anatina N N, IM, IF Neotropical Brasil (AP) 
  O. (Yawari) truncata N N, IM, IF Neotropical Brasil (AM) 
 Spaniophlebia S. assimilis IM Neotropical Brasil (Região Norte) 
  S. trailiae* IM, IF Neotropical Brasil (AM, MT, RO, SP) 
  S. kayapo IM, IF Neotropical Brasil (PA, MT) 
 Fittkauneuria F. adusta N Neotropical Venezuela e Brasil (AM) 
  F. carina* O, N, IM Neotropical Venezuela 
 Homoeoneuria H. (Notochora) fittkaui N, IM, IF Neotropical Brasil (AM, BA) 
  H. (Homoeoneuria) alleni N Neártica México, USA 
  H. (Homoeoneuria) ammophila N, IM Neártica México, USA 
  H. (Homoeoneuria) cahabensis N, IM, IF Neártica USA 
  H. (Homoeoneuria) dolani O, N, IM Neártica USA 
  H. (Homoeoneuria) salviniae* N, IF Neártica Guatemala, México 
  H. (Homoeoneuria) watu N, IM, IF Neotropical Brasil (MG) 
 Lachlania L. abnormis* IF Neotropical Cuba 
  L. alcidesi N N, IM, IF Neotropical Brasil (ES) 
  L. aldinae N N, IF Neotropical Brasil (ES) 
  L. boanovae N, IF Neotropical Brasil (RJ) 
  L. caucatana IM, IF Neotropical Colômbia 
  L. dominguezi IF Neotropical Argentina 
  L. escomeli IF Neotropical Peru 
  L. fusca IM, IF Neotropical Costa Rica 
  L. garciai IF Neotropical Colômbia 
  L. lucida IM, IF Neotropical Guatemala 
  L. pallipes N, IM Neotropical Equador, Argentina 
  L. radai IF Neotropical Peru 
  L. santosi IF Neotropical Brasil (RJ) 
  L. talea N, IF Neotropical Honduras, Nicarágua 
  L. dencyanna O, N, IM, IF Neártica EUA 
  L. iops N Neártica México 
  L. saskatchewanensis N, IM, IF Neártica Canadá, USA 
 Oligoneuriella O. bicaudata N Saaro-arabiana Iraque 
  O. duerensis N, IM, IF Paleártica  
  O. kashmirensis N Saaro-arabiana Paquistão 
  O. keffermullerae N, IM, IF Paleártica Polônia, Lituânia, Hungria 
  O. marichuae N, IM, IF Paleártica Espanha 
  O. orontoensis N Saaro-arabiana Síria, Turquia 
  O. pallida N, IM, IF Paleártica Alemanha, Hungria, România, França, 
Oeste da Sibéria, Rússia, Lituânia, 
Mongólia, Extremo oriente da Rússia 
  O. polonica N Paleártica Polônia, Bulgária, Hungria 
  O. rhenana* O, N, IM, IF Paleártica Suíça, Portugal, Croácia, Alemanha, 
România, Espanha, Bélgica, Marrocos, 
Península Ibérica, França, Sibéria, Polônia, 
România, Japão, Rússia, Lituânia, 
Macedônia, Bulgária, Caucaso, Itália, 
Albânia, Suíça, Áustria, Ucrânia, Turquia 
  O. skoura N, IM Saaro-arabiana Argélia, Marrocos 
  O.  tskhomelidzei N Paleártica Cáucaso 
  O. zanga N Paleártica/ Saaro-arabiana Armênia, Iraque, Turquia 
  O. magna O, N Paleártica Turquia 
  O. paulopilosa O, N Paleártica Turquia 
  O. pectinata O, N, IM, IF Paleártica Turquia 
 Oligoneuriopsis O. dobbsi IM, IF Afrotropical Oeste da África 
  O. elisabethae O, N Afrotropical África do Sul 
  O. jessicae N Afrotropical África do Sul 
  O. lawrencei* O, N, IM, IF Afrotropical África do Sul 
  O. skhounate N, IM, IF Paleártica/ Saaro-arabiana Argélia, Espanha, Marrocos 
 Elassoneuria E. (Madeconeuria) insulicola N, IM, IF Madagascar Madagascar 
  E. (Elassoneuria) candida IM, IF Afrotropical Nigéria, Uganda, Gana 
  E. (Elassoneuria) congolana N, IM, IF Afrotropical Congo, Zaire, Gana 
  E. (Elassoneuria) disneyi N, IF Afrotropical Camarões, Gana 
  E. (Elassoneuria) grandis IM, IF Afrotropical Tanzânia 
  E. (Elassoneuria) kidahi IM, IF Afrotropical Tanzânia 
  E. (Elassoneuria) trimeniana* O, N, IM, IF Afrotropical Natal, Congo Belga, África do Sul, 
Madagascar, Congo, Nigéria, Zambezi 
 Rianilaneuria R. trimeniana* O, IM, IF Madagascar Madagascar 
 Oligoneurisca O. borysthenica* O, N, IM, IF Paleártica Ucrânia, Polônia, Eslováquia, Rússia, 
Checoslováquia 
Total 12 gêneros 68 espécies  15O, 49N, 44IM, 50IF    
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 Fig. 1. Chromarcys magnifica, ninfa, vista dorsal. A. Hábito (a seta indica a brânquia abdominal 
I). B. Abdome (a seta indica a brânquia abdominal I). C. Detalhe da cabeça e tórax (a seta indica 




 Fig. 2. Elassoneuria trimeniana, ninfa. A. Hábito, vista dorsal. B. Detalhe da cabeça e tórax, 




 Fig. 3. Oligoneuriella orontoensis, ninfa. A. Hábito, vista dorsal. B. Detalhe da cabeça e tórax, 




 Fig. 4. Venação das asas anteriores. A. Chromarcys magnifica (modificado de Demoulin, 1967). 
B. Colocrus indivicum (modificado de McCafferty, 1990). C. Oligoneuria (Yawari) anatina 
(modificado de Massariol & Cruz, 2015).  
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 Fig. 5. Pênis, vista ventral. A. Chromarcys magnifica (a seta indica o pedestal do fórceps) 
(modificado de Kluge, 2004). B. Oligoneuria (Oligoneurioides) mitra (a seta indica a porção 
membranosa da placa estilígera) (modificado de Salles et al., 2014). C. Homoeoneuria 




a) Propor hipóteses de relacionamento filogenético entre os gêneros de Oligoneuriidae; 
b) Indicar processos históricos que possam ter influenciado a distribuição atual dos 
gêneros; 
c) Revisar a classificação da família; 
d) Descrever novos táxons; 
e) Elaborar uma chave de identificação para os táxons supra específicos; 
f) Construir uma biblioteca de referência de códigos de barra de DNA para a família; 
g) Investigar a existência de lacunas entre as divergências genéticas intra e 
interespecíficas da família. 
 
 
A presente tese encontra-se organizada em forma de manuscritos, cada um formatado de 
acordo com as normas das revistas a que foi ou será submetido. Os dois primeiros capítulos 
ainda não foram submetidos e os demais manuscritos já foram publicados. 
No primeiro artigo é apresentada a primeira filogenia de Oligoneuriidae baseada em dados 
morfológicos e moleculares. A classificação da família é revisada e três novas tribos são 
propostas, assim como os subgêneros Madeconeuria e Yawari são elevados à nível genérico. 
De acordo com as análises biogeográficas (S-DIVA e Lagrange) e de tempos de divergência 
Oligoneuriidae teria se originado há cerca de 150 milhões de anos no supercontinente 
Gondwana. O manuscrito será submetido para a revista Zoological Journal of the Linnean 
Society. 
O segundo artigo será submetido para a revista Molecular Ecology Resources e teve como 
principal resultado a criação de um projeto no BOLD (Barcode of Life Data System) chamado 
“DNA Barcoding of Oligoneuriidae” (DBO). São apresentados os valores de divergências 
genéticas intra e insterespecíficas assim como testes de barcode gap global e local. 
 Os capítulos 3, 4 e 5 foram publicados nas revistas Zoosymposia, Zootaxa e Systematic 
Entomology, respectivamente. No manuscrito 3 foram delimitadas espécies de Lachlania e 
duas novas espécies foram descritas para o Brasil. Nos manuscritos 4 e 5 foram descritas novas 
espécies de Oligoneuria, além disso no último foi proposta uma classificação para as espécies 
do gênero. 
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Oligoneuriidae is a Pantropical family of Ephemeroptera with 68 species described in 12 
genera.  Three subfamilies are recognized, Chromarcyinae with a single species from Oriental 
Region, Colocrurinae with two fossil species from Brazil, and Oligoneuriinae with the 
remainder species distributed in Americas, Afrotropical and Palearctic regions. In the present 
paper, based on 2766 characters (77 morphological and 2689 molecular - COI, 16S, 18S, 28S), 
we performed phylogenetic and biogeographical analyses for the family. Four major groups 
were recovered in all analyses (parsimony, ML and BI) and they were attributed to tribe level, 
named Oligoneuriini, Homoeoneuriini trib.n., Oligoneurielliini trib.n., and Elassoneuriini 
trib.n.. Besides that, Yawari and Madeconeuria are elevated to genus level. According to S-
DIVA, Lagrange and divergence time estimation analyses Oligoneuriidae originated about 150 
Mya on the Gondwan continent, but restrict to Neotropical Region. At around 118 Mya the 
family started its diversification, reaching Nearctic through dispersal from Neotropical Region, 
Palearctic and Madagascar from the Afrotropical Region.  
 
Keywords: Ancestral range reconstruction – Dispersal – Divergence times – Freshwater – 








The history of the family Oligoneuriidae Ulmer, 1914 started with the description of 
Oligoneuria anomala Pictet, 1843 with a unique combination of characters: scanty venation, 
especially regarding cross veins, and atrophied legs (Pictet, 1843). The species was initially 
included in Ephémérine, and later Ulmer (1914) formally established Oligoneuriidae to include 
it. Their members are easily recognized because nymphs have gill tufts at bases of maxillae and 
double rows of filtering setae on fore femora and tibiae (basis of their common name brushleg 
mayflies), and adults have geminate veins on wings and fore legs shorter than mesothoracic 
legs (Domínguez et al., 2006). 
 There are 68 species of brushleg mayflies described in 12 genera with Pantropical 
distribution (Pescador & Peters, 2007; Barber-James et al., 2008; Sroka et al., 2015). The family 
is divided into three subfamilies, Colocrurinae McCafferty, 1990, Chromarcyinae Demoulin, 
1953, and Oligoneuriinae Ulmer, 1914. Chromarcyinae is monotypical, represented by 
Chormarcys magnifica Navás, 1932, a species distributed on the Oriental Region. Colocrurinae 
is a fossil subfamily comprised of two species of Colocrus McCafferty, 1990 both from Santana 
Formation, Crato, Northeastern Brazil (McCafferty, 1990; Staniczek, 2007). The remaining 65 
species and ten genera (Lachlania Hagen, 1868; Homoeoneuria Eaton, 1881; Oligoneuria 
Pictet, 1843; Fittkauneuria Pescador & Edmunds, 1994; Spaniophlebia Eaton, 1881; 
Elassoneuria Eaton, 1881; Rianilaneuria Pescador & Peters, 2007; Oligoneuriopsis Crass, 1947; 
Oligoneuriella Ulmer, 1924; and Oligoneurisca Lestage, 1938) are included in Oligoneuriinae 
and have a wide distribution on Old and New World.  
 Few taxonomic and ecological studies have been conducted on oligoneuriids and it can 
be a reflection of several factors, such as, lack of specialists, old and incomplete original 
descriptions, and difficult morphology (wings with geminated veins and penis with 
membranous and retractable portions). Furthermore, their systematic relationships have been 
very little addressed, with the only exceptions published works dealing with relationships 
among species within a genus (e.g., Salles, Francischetti & Soares, 2009; Salles et al., 2014) or 
higher level relationships within the order Ephemeroptera (e.g., Ogden & Whiting, 2005; Sun 
et al., 2006; Ogden, Sartori & Whiting, 2008; Ogden et al., 2009). Despite the absence of 
phylogenetic analyses for Oligoneuriidae, some experts have speculated on relationships 
among genera, such as: 1) Studies from Kluge (2004; 2007) and Salles et al. (2014) indicated 
the close relationship among Lachlania, Oligoneuria, and Spaniophlebia; 2) a preliminary 
analysis of Pescador & Edmunds (1994) suggested that Fittkauneuria share nymphal characters 
with Elassoneuria and Oligoneuriopsis; 3) Pescador & Peters (2007) proposed that 
 26
Rianilaneuria is closely related to Oligoneurisca based on wing and leg characters from adult 
stages; and 4) by the analysis of wing venation, Edmunds, Berner & Traver (1958) and 
Edmunds (1979) suggested that Homoeoneuria is related to Elassoneuria or Oligoneurisca, 
respectively. 
 Due to the lack of a phylogenetic hypothesis for Oligoneuriidae, no formal 
biogeographical analysis was performed to date. However, Edmunds (1979) and McCafferty 
(1999) hypothesized that Oligoneuriidae evolved on Gondwanic supercontinent and Edmunds 
(1972) and Edmunds (1975; 1979) specified that the family originated in Afrotropical + 
Neotropical and South America + Africa + Madagascar + India land mass, respectively, being 
Chromarcys the most primitive representative of the family. Moreover, it was suggested that 
Lachlania and Homoeoneuria arose in South America and dispersed to Central and North 
America (Edmunds, 1982; McCafferty, Flowers & Waltz, 1992; McCafferty, 1998) through the 
Isthmus of Panamá, during the so-called great American Interchange (Edmunds, 1982). The 
presence of Oligoneuriella in the Palearctic Region was explained by dispersal from the 
Afrotropical (Edmunds, 1979) or Oriental regions (McCafferty, 1999). The current distribution 
of Homoeoneuria, Oligoneurisca, and Rianilaneuria remains enigmatic and to maintain the 
hypothesis that Oligoneurisca is Gondwanic, Edmunds (1979) supposes that it may have been 
extinct or not collected in the Afrotropical Region. 
 In this study, were hypothesized for the first time phylogenetic relationships among 
genera of Oligoneuriidae, based on morphological and molecular data. In addition, the 
phylogenetic inference was associated with estimation of divergence times and biogeographic 
methods to infer the evolutionary history of the family. These results also provide the basis for 
a revised higher classification of Oligoneuriidae. 
 




Ingroup taxa were chose in order to represent all 12 brushleg mayfly genera and the 
morphological diversity within each genus. Therefore, 24 taxa were selected as operational 
taxonomic units (OTU; Table 1), representing all genera and about 36% of the species 
described. Genus-level OTUs were coded based on information of multiple species, which are 
specified in Table 1. Outgroup taxa were selected from the closely related families 
Isonychiidae, Coloburiscidae, and Heptageniidae, which together with Oligoneuriidae compose 
the superfamily Heptagenioidea (McCafferty, 1991; Kluge, 2004). Although Ogden et al. (2009) 
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based on phylogenetic analyses of morphological and molecular data has not recovered the 
superfamily as monophyletic, these four families have historically been considered related and 
their morphological features allow a more plausible character encoding. 
As far as possible, species were coded for morphological characters based on direct 
study of representative specimens, but in some cases, it was based on photographs of type 
material and literature (Appendix 1). The nymph of Spanipophlebia, which is currently 
undescribed, was identified based on characteristics present on the adult stage (Domínguez et 
al., 2006; Gonçalves et al., 2013): large projection on head, as in Oligoneuria, and absence of 
median terminal filament (as in Lachlania). Although photos of the holotype of Oligoneuria 
(Oligoneuria) anomala have been examined by us this species was not included in the analyzes 
because only the female imago has been described so far. In addition, collections were carried 
out in the region of the type locality (Brazil, Rio de Janeiro, Itaocara and Três Rios, Paraíba do 
Sul River), but no success was obtained. Recently collected specimens were not available for 
DNA sequencing from five taxa: Rianilaneuria diminuta, Oligoneurisca borysthenica, 
Elassoneuria (Elassoneuria) sp., Oligoneuriella orontoensis, and Lachlania saskatchewanensis. 
Whenever possible the same specimen was used for the morphological coding and molecular 
analysis.  
Specimens analyzed (Appendix 1) are deposited in the following institutions: Coleção 
Zoológica Norte Capixaba, Universidade Federal do Espírito Santo (CZNC), Brazil; Coleção 
Entomológica Prof. José Alfredo Pinheiro Dutra, Universidade Federal do Rio de Janeiro (DZRJ), 
Brazil; Invertebrate Collection of the Instituto Nacional de Pesquisas da Amazônia (INPA), 
Brazil; Invertebrate Collection of the Museu de Zoologia da Universidade de São Paulo 
(MZUSP), Brazil; Musée Cantonal de Zoologie (MZL), Switzerland; Zoologische Staatssammlung 
München (ZSM), Germany; and Florida Agricultural & Mechanical University (FAMU), United 




 Characters were scored from the external morphology of nymphs and adults (both 
male and female) for a total of 77 characters (47 from nymphs, 29 from male imagos, and one 
from female imagos; Table 2), 76 binary and two multi-state. Morphological terms generally 
followed Pescador & Peters (1980), Pescador & Edmunds (1994), Pescador & Peters (2007), 
and Salles et al. (2014).  
 Primary homologies were proposed by similarity criterion or topological 
correspondence between structures (de Pinna, 1991). Characters were coded using contingent 
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method and character statements structure followed Sereno (2007) being composed of four 
logical components: locator, variable, variable qualifier, and character state. Inapplicable or 
missing characters were coded as “‒”. The data matrix was constructed using the software 
DELTA (Dallwitz, 1980) (Appendix 2).  
 
Sequencing and alignment 
 
 Total genomic DNA was extracted from one to three legs or the entire specimen using 
the Wizard® SV Genomic DNA Purification System Kit (Promega) following the protocol 
recommended by the company. Partial mitochondrial cytochrome c oxidase subunit I (COI), 
large mitochondrial ribosomal subunit (16S rRNA), small nuclear ribossomal subunit (18S 
rDNA), and the D2-D3 region of the large nuclear 28S rRNA were amplified and sequenced to 
perform the phylogenetic analysis (Table 3). 
 Polymerase chain reactions (PCR) were carried out in 25µl final volumes using the 
Platinum® Taq DNA Polymerase (Invitrogen) kit. Three different PCR conditions were used: a) 
For COI – denaturation at 94°C for 5min, 40 cycles of sequence amplification (94°C for 45s, 
47°C for 45s, 72°C for 45s), and final extension of 72°C for 5min; b) For 16S and 18S – 
denaturation at 94°C for 3min, 40 cycles of sequence amplification (94°C for 1min, 50°C for 
1min, 72°C for 2min), and final extension of 72°C for 7min; c) For 28S – denaturation at 94°C 
for 5min, 35 cycles of sequence amplification (94°C for 1min, 52°C for 1min30s, 72°C for 1min), 
and final extension of 72°C for 5 min. To optimize the reactions were used 3.5µl (10mg/mL) of 
Bovine Serum Albumin (BSA) additive in COI, 16S and 18S amplifications, and 1.0µl Dimethyl 
Sulfoxide (DMSO) additive in 28S amplifications. 
 PCR products were submitted to 1% agarose gel electrophoresis to check for positive 
amplifications of expected sizes. Amplicons were then purified with ExoSAP-IT® for PCR 
Product Cleanup (Invitrogen) and both DNA strands were sequenced by Macrogen (South 
Korea, Seoul) and “Núcleo de Genética Aplicada à Conservação da Biodiversidade” (NGACB) at 
Universidade Federal do Espírito Santo using an automatic sequencer 3500 Genetic Analyzer, 
Applied Biosystems. Sequences were checked for correct loci amplification and taxonomic 
contamination using the Basic Local Alignment Tool (BLAST; Altschul et al., 1990) against the 
GenBank database. Sequences of 16S, 18S, and 28S of L. saskatchewanensis from Ogden & 
Whiting (2003; 2005) were downloaded from GenBank and included in the analysis.  
 The protein-encoding gene COI was aligned with MUSCLE (Edgar, 2004) under default 
parameters in Geneious version R9 (Kearse et al., 2012). The ribosomal genes 16S, 18S, and 
28S were aligned using the MAFFT program (Katoh et al., 2009; 
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http://mafft.cbrc.jp/alignment/server/) under the alignment method Q-INS-i, which takes into 
account secondary structure. All alignments were posteriorly manually refined in Geneious 
version R9. The final alignment length of each gene fragment was 600 bp for COI, 462 bp for 
16S, 585 bp for 18S, and 1042 bp for 28S (Appendix 3). The final molecular matrix was 
composed of 79% of the OTU’s coded in the morphological matrix (Table 1). GenBank 




Morphological data. Morphological data was analyzed both separately and combined with 
molecular data (see below). Morphological data alone were analyzed under parsimony with 
TNT (Goloboff, Farris & Nixon, 2008) using implied weighting with 18 values of K (k=3–20) and 
using implicit enumeration command (exhaustive search). The implied weights were used 
since it usually increases the stability and support compared to the equal weights scheme 
(Goloboff et al., 2008). Besides that, its use aims to obtain a classification that better explains 
the characters with a better fit to the phylogenetic hypothesis. All characters were treated as 
nonadditive (unordered).  
 Morphological characters were optimized (and indices calculated) using unambiguous 
changes only option and equal weights over the resulting implied weight trees in Winclada 
version 1.00.08 (Nixon, 2002).  
Relative Bremer support was calculated with 1,000 suboptimal trees (up to 10 steps 
longer than shortest tree). Moreover, Frequency Difference (GC, Goloboff et al., 2003) with 
1,000 replicates of symmetric jackknifing was also calculated. 
Clades with GC nad Relative Bremer supports greater than 60 were referred as 
strongly supported, 30–60 as moderately supported, and lower than 30 as being poorly 
supported.  
 
Molecular data and total evidence. The molecular and total evidence (morphology plus 
molecular) datasets were analyzed using maximum-likelihood (ML) and Bayesian inference (BI) 
approaches. The best-fit evolutionary model for each molecular partition was identified using 
jModelTest 2.1.7 (Posada, 2008). The Akaike information criterion (AIC) favoured HKY+I+G for 
COI and 16S, GTR+I for 18S, and GTR+I+G for 28S.  
Garli version 2.0.1 (Zwickl, 2006) was used for ML analyses. One thousand 
independent runs (searchreps = 1000) were conducted for each analysis using the following 
settings: “scorethreshforterm = 0.05”, and “significanttopochange = 0.01”. The automated 
 30
termination criterion was chose, wherein the runs finished when the likelihood score (ln) 
become constant for 20,000 consecutive generations (genthreshfortopoterm = 20,000). To 
estimate support of nodes were ran 1,000 bootstrap (BT) replicates under the same 
parameters cited above. 
BI analyses were performed using MrBayes version 3.2.2 (Ronquist et al., 2012) at the 
CIPRES portal (Miller, Pfeiffer & Schwartz, 2010). Four independent Metropolis Coupled 
Markov Chain Monte Carlo (MCMCMC) analyses each with four chains (three heated and one 
cold) were ran for 5,000,000 generations, sampling trees every 500 generations. At the end of 
the analyses were discarded the initial 25% of sampled trees as burnin. Convergence among 
independent analyses was assessed by monitoring the values of standard deviation of splits 
frequencies (<0.05) in MrBayes and parameter sampling was assessed with Tracer version 1.6 
(Rambaut et al., 2014) by the effective sample size (ESS) criterion (>200). A 50% majority-rule 
consensus post-burnin tree was constructed and values of posterior probabilities (PP) were 
calculated. 
Clades with bootstrap and posterior probabilities greater than 85 and 0.95 were 
referred as strongly supported, 70–85 and 0.80–0.95 as moderately supported, and lower than 
70 and 0.80 as being poorly supported, respectively.  
Final trees were previewed at Figtree version 1.4.2 (Rambaut, 2014) and posteriorly 
edited on Adobe Illustrator CC®. 
 
Divergence time estimation 
  
 The software BEAST version 1.8.3 (Drummond et al., 2012) was used to estimate 
divergence times, with input files constructed in BEAUti 1.8.3. The molecular clock type used 
was the relaxed uncorrelated lognormal with a tree prior using the birth-death incomplete 
sampling algorithm (Stadler, 2009) Analyses of gene partitions used a mixed model strategy, 
the same selected for phylogenetic analysis above. Two date priors based on fossil calibrations 
were used: 1)  root was calibrated to represent the minimum (237 Mya) and maximum (90 
Mya) ages of Triassonurus doliiformis Sinitshenkova & Papier 2005 (Siphlonuridae) and 
Amerogenia macrops Sinitshenkova 2000 (Heptageniidae) (settings: lognormal prior, offset of 
90.0 Mya, mean of 30.0, standard deviation of 1.0); and 2) initial divergence of the family 
Oligoneuriidae with minimum (237 Mya) and maximum (110 Mya) ages based on ages of  T. 
doliiformis and C. indivicum (Oligoneuriidae)  (settings: lognormal prior, offset of 110.0 Mya, 
mean of 25.0, standard deviation of 1.0). 
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Four independent analyses for 500 million generations were ran after defining all 
priors , with parameters sampled every 50,000th generation. Tracer version 1.6 (Rambaut et al., 
2014) was used to assess effective sample sizes (ESS) of all parameters sampled, which were 
considered as acceptable for values over 200. 25% of the generations were discarded as burnin 
and then we merged the runs on program Logcombiner version 1.8.3 and the trees at 
TreeAnnotator version 1.8.3. The final tree was previewed on Figtree version 1.4.2 (Rambaut, 




 The geographical distribution data were taken out from different sources: original 
descriptions, taxonomic works, survey papers, and examined specimens in the present paper. 
We assigned the distributional data to species, except for the whole genus for the following 
OTU’s: Rhithrogena, Isonychia, and Oligoneuriopsis. This procedure was necessary to reduce 
analytical bias due to incomplete taxonomic sampling in these genera. The zoogeographical 
regions proposed by Holt et al. (2013) were adopted for taxa distributions as follows: (A) 
Palearctic, (B) Nearctic, (C) Oriental, (D) Neotropical, (E) Panamanian, (F) Madagascan, (G) 
Saharo-Arabian, (H) Afrotropical, and (I) Sino-Japanese.  
 To infer the geographic history of Oligoneuriidae, two methods were used: 1) Dispersal 
vicariance analysis (DIVA) in a Bayesian framework, using the S-DIVA (Statistical Dispersal-
Vicariance) method in Reconstruction Ancestral State in Phylogenies (RASP) version 3.2 (Yu et 
al., 2015) for molecular and total evidence data; and 2) Dispersal Extinction Cladogenesis 
model (DEC) in a likelihood framework, implemented in Lagrange version 20130526 (Ree & 
Smith, 2008) for molecular data only. S-DIVA takes into account phylogenetic uncertainty and 
DEC model considers branch lengths of a given ultrametric tree. As input for S-DIVA all post-
burnin trees from phylogenetic BI analysis were used, and limited compound areas with a 
maximum of four areas. As input for Lagrange the maximum clade credibility tree obtained 
from BEAST divergence time estimation analysis was used. The parameters "range constraints" 
and "dispersal constraints" were not altered to avoid excessive parameterization. A python 











Morphological data. The morphological matrix consisted of 77 characters, 71 of which were 
parsimony informative. Regardless of the value of k used (k=3–20) the same topology was 
recovered except for the relationship between Oligoneuriella species. Oligoneuriella rhenana 
was recovered as sister group of O. orontoensis under k=3–7 and as sister group of O. pallida 
under k=8-20. Parsimony analysis under implied weighting (k=3) resulted in three most 
parsimonious trees with a total fit of 56.56 and an adjusted homoplasy of 14.44. The strict 
consensus tree is shown in Figs. 1 and 2 (trees with identical metrics: length = 155; consistency 
index = 50; retention index = 69 under equal weights) and clade supports are shown in Fig. 2. 
 Oligoneuriidae was recovered as a well-supported (GC=62; RB=90) monophyletic group 
(node 28 of Fig. 2) based on four synapomorphies: 1) Apical angle of maxilla acute [character 7: 
state 0]; 2) Second segment of maxillary palp much longer than first segment [8:1]; 3) Lateral 
margin extension of epimera and episterna projected laterally [9:1]; and 4) Both tarsal claws of 
male imago rounded [52:1].  
 Chromarcyinae was recovered as sister group of Colocrurinae plus Oligoneuriinae and 
supported by three apomorphies: 1) Outer margin of fore femur without fine, long, simple 
setae [14:0]; 2) Lateral margins of abdominal terga, with simple setae [28:0]; and 3) Terminal 
filament covered with setae, except in the basal 1/3 [46:2]. Colocrurinae was supported by 
only one apomorphy: forewing without IRS vein [56:0]. Oligoneuriinae was recovered as 
monophyletic and supported by four synapomorphies: 1) Gill I inserted ventrally [33:1]; 2) Vein 
R3 of forewing originates before basal third of forewing: [54:0]; 3) Bifurcation of vein Rs of 
forewing originates next to base of wing [62:1]; and 4) Cubito-anal sector of forewing reduced 
[66:1]. 
 Oligoneuriinae was divided into four clades (Figs. 1, 2). Clade A was composed of 
Oligoneuria, Lachlania and Spaniophlebia (node 31; 3 synapomorphies; GC=74; RB=59); clade B 
was comprised by Elassoneuria (node 40; 9 synapomorphies; GC=97; RB=60); clade C was 
composed of Oligoneuriopsis and all species of Oligoneuriella (one synapomorphy; GC=58; 
RB=63); and 3) clade D was composed of Fittkauneuria, both species of Homoeoneuria, Ol. 
borysthenica, and R. diminuta (5 synapomorphies; GC=78; RB=48). 
Oligoneuria was not recovered as a monophyletic genus, because Oligoneuria (Yawari) 
anatina grouped with Spaniophlebia and species of Oligoneuria (Oligoneurioides) were found 
as a sister group of Lachlania species. However, the relationship between Oligoneuria (Yawari) 
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and Spaniophlebia was poorly sustained by branch support values (GC=5; RB=22), and there 
was no unique apomorphy supporting this clade. The two species of Homoeoneuria were 
recovered in a polytomy with Ol. borysthenica and R. diminuta on the strict consensus tree 
(node 39), but the genus was recovered as a clade in two of the three most parsimonious 
trees. The remainder of analyzed genera, represented by two or more species, were recovered 
as monophyletic groups. 
 
Molecular data. The concatenated molecular matrix consisted of 2,689 characters (aligned 
data matrix available in Appendix 3), 634 of which were variable sites (120 for COI, 181 for 16S, 
40 for 18S, 293 for 28S) and of those, 470 were parsimony informative (107 for COI, 143 for 
16S, 14 for 18S, 206 for 28S). The 16S marker provided the greatest number of parsimony 
informative sites, representing 31% of total alignment, while 18S provided the lowest number 
of informative sites, only 2.4%. 
Maximum likelihood and Bayesian inference analyses resulted in the same tree 
topology (Fig. 3). Oligoneuriidae and Oligoneuriinae were strongly supported as monophyletic 
with maximum values of posterior probabilities, and high values of ML bootstrap, 100 and 99 
respectively. Within Oligoneuriinae two clades were formed with moderate to strong support, 
one composed of Oligoneuriella, Oligoneuriopsis, and Elassoneuria (Madeconeuria) (BT=82; 
PP=1); and the other composed of Oligoneuria, Spaniophlebia, Lachlania, Homoeoneuria, and 
Fittkauneuria (BT=99; PP=1). Although Clade A (Fig. 3) was also recovered as in the 
morphology-only analysis (Fig. 1), Clade B+C+D of the former was not, but congruent lineages 
to its component subclades, Clades B, C, and D (Fig. 1) were recovered herein (Fig. 3). 
Fittkauneuria was recovered as the sister group of Homoeoneuria (BT=74; PP=0.95), and 
Oligoneuria + Spaniophlebia as the sister to Lachlania (BT=68; PP=0.91). 
 All genera represented by two or more species were recovered as monophyletic: 
Lachlania and Homoeoneuria with maximum values of BT and PP, Oligoneuriella with BT = 98 
and PP = 1.0, and Oligoneuria were moderately supported with BT = 84 and PP = 0.92.    
 
Total evidence. The combined data matrix consisted of 2,766 characters, 77 of which were 
morphological data and 2,689 were molecular data. Maximum likelihood and Bayesian 
inference analyses of the combined matrix resulted in similar hypotheses (Fig. 4, Appendix 4), 
differing only in the relationship among of Ch. magnifica, C. indivicum, and Elassoneuria. 
Chomarcys magnifica formed a clade with C. indivicum in the ML analysis (BT < 50), while in BI 
these two taxa were recovered in a politomy with the Oligoneuriinae clade. 
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 Oligoneuriidae and Oligoneuriinae were moderately supported with values of 
bootstrap of 71 and 73, and posterior probabilities of 0.78 and 0.92, respectively. The 
following clades were recovered as monophyletic with low to medium support values: 1) 
Lachlania species were a sister group of Oligoneuria species plus Spaniophlebia (BT=77; 
PP=0.93); 2) Fittkauneuria was a sister group of Homoeoneuria species, Ol. borysthenica, and 
R. diminuta (BT=84; PP=1.0); and 3) Oligoneuriopsis was a sister group of Oligoneuriella species 
(BT=83; PP=0.99). All genera represented by two or more species were recovered as 
monophyletic: Oligoneuria (BT=83; PP=0.95), Lachlania (BT=81; PP=0.93), Homoeoneuria 
(BT=97; PP=0.79), Oligoneuriella (BT=71; PP=0.7), and Elassoneuria (BT=98; PP=1.0). 
 The genus Elassoneuria was recovered as sister group of the remainder Oligoneuriinae 
in the ML analysis (BT=73), however it formed a clade with Oligoneuriella species plus 
Oligoneuriopsis in the IB analysis (PP=0.99).  
 
Divergence time estimation 
 
 Divergence time estimations are presented in Fig. 5 and Table 4. We recovered median 
age for the origin of Oligoneuriidae in the Early Cretaceous at 149.4 Mya (95% HPD: 127.0–
185.1) when its stem lineage diverged from its sister group. During the Early Cretaceous, the 
divergence between Chromarcyinae and Oligoneuriinae occurred at around 118.3 Mya (95% 
HPD: 110.4–139.6), while the initial divergence of Oligoneuriinae into two main clades 
occurred during the transition from Early to the Late Cretaceous at 100.5 Mya (95% HPD: 83.4–
122.1). Initial divergences of the Oligoneuriinae clades occurred both during the Late 
Cretaceous: the first (formed by O. rhenana, O. pallida, Oligoneuriopsis, and Elassoneuria) at 
83.6 Mya (95% HPD: 61.5–107.1) and the second (formed by L. alcidesi, L. aldinae. L. 
saskatchewanensis, Lachlania sp., O. (O.) amazonica, O. (O.) mitra, O. (Y.) anatina, 
Spaniophlebia, Homoeoneuria sp., H. (H.) watu, and Fittkauneuria) at 86.3 Mya (95% HPD: 
68.8–106.2). The remainder branching events within the subfamily occurred from the 
Paleocene (Paleogene) through the Neogene.   
 
Biogeographic analyses  
 
The results of S-DIVA (molecular and combined data) and DEC analyses are shown in 
Table 4, Fig. 5, and Appendix 5. All biogeographical analyses led to similar results with 
exception of ancestral areas of Oligoneuriidae, Oligoneuriopsis + Oligoneuriella, and O. 
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rhenana + O. pallida. These disagreements occurred due to the low relative probabilities 
(<40%) that DEC analysis provided for these areas.  
 According to S-DIVA analyses the ancestor of Oligoneuriidae was distributed in 
Neotropical Region (D) with probabilities of 80% and 100% for molecular and combined data 
respectively. On the other hand, DEC analysis showed that the family was distributed in 
Oriental Region (C) but with low relative probability (16%). The ancestor of Oligoneuriinae + 
Chromarcyinae was distributed either in a compound area including Oriental + Neotropical + 
Afrotropical (CDH) or Oriental + Neotropical (CD), with equal probabilities of 49% and 42% on 
S-DIVA analyses of molecular and combined dataset respectively. The CDH ancestral area was 
also resulted by DEC approach with 35% of probability. 
 The distribution of ancestor of Oligoneuriinae was the compound area Neotropical + 
Afrotropical (DH) independent of the analysis conducted. The S-DIVA analyses provided the 
higher probabilities, 100% and 79% for molecular and combined dataset respectively, and DEC 
showed the lower value of 42%. The ancestor of Lachlania, Oligoneuria, Spaniophlebia, 
Homoeoneuria, and Fittkauneuria was restrict to Neotropical Region (D) (probabilities of 100% 
and 90%) and within this clade only the ancestor of Lachlania was not distributed on 
Neotropical Region. Its ancestor was distributed either in a compound area including Nearctic 
+ Neotropical + Panamanian area (BDE) or Neotropical + Panamanian area (DE) with equal 
probabilities of 50% through S-DIVA results. The BDE area was also resulted by DEC analyses 
with 69% of probability.  
The distribution of the ancestor of Elassoneuria + Oligoneuriopsis + Oligoneuriella was 
restrict to Afrotropical Region (H) with probabilities ranging from 100% on S-DIVA analysis of 
molecular data and 42% on DEC analysis. As stated by S-DIVA analyses the ancestor of 
Oligoneuriopsis + Oligoneuriella was distributed in a composite area including Palearctic + 
Saharo-Arabian + Afrotropical (AGH) or Palearctic + Saharo-Arabian (AG) with equal 
probabilities of 50% and 47% for S-DIVA analyses of molecular and combined dataset 
respectively. However, DEC results showed Saharo-Arabian + Afrotropical (GH) as its ancestral 
area. The ancestor of Oligoneuriella was distributed in Palearctic Region (A) or Palearctic + 
Saharo-Arabian (AG) as demonstrated by S-DIVA analyses (probabilities of 100% and 99%) and 











 All analyses recovered Oligoneuriidae and Oligoneuriinae as monophyletic (Figs. 2–5) 
independently of the dataset used. Ogden & Whiting (2005) and Ogden et al. (2009) included 
few Oligoneuriidae taxa (four genera in each study) in a wide phylogeny of Ephemeroptera, 
and the analyses indicated the monophyly of the family. The relationship among the 
subfamilies proposed by McCafferty (1990), who did not use any analytical approach, were 
recovered here only in parsimony of morphological dataset (Figs. 1, 2) in which Chromarcyinae 
is sister group of Colocrurinae + Oligoneuriinae. The analyses of ML and BI using combined 
dataset (Figs. 3–5) showed no resolution of relationship among the subfamilies, probably due 
to the high amount of missing data of the fossil C. indivicum. 
Four groups within Oligoneuriinae were constant in all analyses: 1) Lachlania + 
Oligoneuria +Spaniophebia (clade A); 2) Elassoneuria (Elassoneuria) + Elassoneuria 
(Madeconeuria) (clade B); 3) Oligoneuriella + Oligoneuriopsis (clade C); 4) Homoeoneuria + 
Fittkauneuria + Oligoneurisca + Rianilaneuria (clade D). Relationships among the groups cited 
above were not stable in all analyses (Figs. 1–5). Groups 1 and 2 form a clade in all analyses 
except of the parsimony analysis of morphological data, and groups 3 and 4 form a clade in ML 
and BI analyses of molecular data (Fig. 3) and in BI analysis of combined data (Fig. 5).  
 Relationships among Lachlania, Oligoneuria, and Spaniophlebia (Figs. 1–5) were 
discordant depending on the dataset used and the analysis performed. In the parsimony 
analysis of morphological data (Figs. 1, 2) Lachlania was found sister to Oligoneuria 
(Oligoneurioides), while Spaniophlebia sister to Oligoneuria (Yawari). On the other hand, 
Lachlania was recovered as the sister group of a monophyletic Oligoneuria + Spaniophlebia in 
ML and BI analyses of molecular and combined datasets, however the latter grouping showed 
low clade support. Salles et al. (2014), and Kluge (2004; 2007) hypothesized that these three 
genera form a monophyletic group, but the relationship among them were not mentioned. 
Likewise, we were not able to recover with confidence the relationship among these genera, 
probably due to difficulties in morphological coding (only one supposed damaged nymph used) 
and DNA amplification (not well preserved material) of specimens of Spaniophlebia. 
 Despite of discrepancies seen in all analyses (Figs. 1–5) among relationships of the 
clade Fittkauneuria + Homoeoneuria + Rianilaneuria + Oligoneurisca due to different taxon 
sampling, resulting trees of datasets analyzed separately (morphology and molecular) do not 
contradict results of the combined dataset. The combined analysis (Fig. 5) suggested 
 37
Fittkauneuria as the sister group of the remaining genera, and Homoeoneuria as sister to 
Rianilaneuria + Oligoneurisca. The present results do, however, contradict Edmunds, Berner & 
Traver (1958), who hypothesized a close relationship between Homoeoneuria and Elassoneuria 
based on wing venation, and Pescador & Edmunds (1994), who hypothesized, based on 
similarities of nymphs, that Fittkauneuria, Elassoneuria, and Oligoneuriopsis would form a 
monophyletic group. Sister group relationships proposed herein between Rianilaneuria and 
Oligoneurisca and between Homoeoneuria and Oligoneurisca had been hypothesized 
previously through similarity of adult characters by Pescador & Peters (2007) and Edmunds, 
Berner & Traver (1958), respectively. The similarity among nymphs of Homoeoneuria, 
Rianilaneuria, and Oligoneurisca was assigned to convergent evolution (Edmunds et al., 1958), 
since they are sand-burrowing with specific adaptation, like body form and leg characteristics. 
However, the present results showed that sand-burrowing species do form a monophyletic 
group, being seven of 11 synapomorphies from leg characteristics (Fig. 1). 
 Oligoneuriopsis and Oligoneuriella were recovered as sister groups in all analyses (Figs. 
1–5), independently of dataset used. The same relation between these two genera was 
proposed by Kluge (2004), however preliminary cladistic analyses suggested (M.L. Pescador, 
unpublished) that Oligoneuriopsis share three synapomorphies from the nymphal stage with 
Elassoneuria and Fittkauneuria (Pescador & Edmunds, 1994). 
A monophyletic group composed of representatives of the subgenera of Elassoneuria 
was recovered in all analyses (Figs. 1–5). Elassoneuria was recovered in three different 
positions in topology depending on the dataset and the analyses type used (Figs. 1–5): 1) sister 
group of Oligoneuriopsis, Oligoneuriella, Fittkauneuria, Homoeoneuria, Oligoneurisca, and 
Rianilaneuria in the parsimony analysis of morphological data; 2) sister group of 
Oligoneuriopsis and Oligoneuriella in ML and BI analyses of molecular data and BI analysis of 
combined data; and 3) sister group of all remaining genera of Oligoneuriinae in ML analysis of 
combined data. No previous phylogenetic hypothesis proposed agree with results obtained 
herein. Edmunds Berner & Traver (1958) and Edmunds (1961) suggested that Elassoneuria 
could be related to Homoeoneuria due to the resemblance of wing venation of adults; while 
preliminary cladistic analyses conducted by Pescador (unpublished data) recovered 
Elassoneuria related to Oligoneuriopsis and Fittkauneuria, as mentioned above (Pescador & 
Edmunds, 1994). Therefore, the position of Elassoneuria in relation to the remainder genera of 
Oligoneuriinae is still unclear and more efforts should be taken in this direction. 
Considering all the well-supported clades recovered within the family by phylogenetic 
analyses conducted in the present work, a revised supra-generic classification for 
Oligoneuriidae was proposed below, including the proposal of new tribes. In addition, during 
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the morphological study for the phylogenetic analysis, a wide range of morphological variation 
was found within Elassoneuria and Oligoneuria. Thus, based on diagnostic morphological 
characters of nymphs and adults and interpretations of original descriptions, two subgenera 
(one of each of these genera) were erected to genus level.   
 
Classification of Oligoneuriidae  
 
Family Oligoneuriidae Ulmer, 1914 
Type genus. Oligoneuria Pictet, 1843 
Included subfamilies. Chromarcyinae McCafferty, 1990; Colocrurinae McCafferty, 1990; 
Oligoneurinae McCafferty, 1990. 
Diagnosis. Nymph. Maxilla with apical angle acute; second segment of maxillary palp much 
long than first; Epimera and episterna projected laterally. Male imago. Both tarsal claws 
rounded. 
Distribution. Palearctic, Nearctic, Oriental, Neotropical, Panamanian, Madagascan, Saharo-
Arabian, Afrotropical, and Sino-Japanese regions. 
 
Subfamily Chromarcyinae Demoulin, 1953 
Type genus. Chromarcys Navás, 1932 
Diagnosis. Nymph. Outer margin of fore femur without fine, long, simple setae; lateral margins 
of abdominal terga with simple setae; median terminal filament absent. 
Distribution. Oriental Region. 
 
Subfamily Colocrurinae McCafferty, 1990 
Type genus. Colocrus McCafferty, 1990 
Diagnosis. Male imago. Forewing without IRS vein. 
Distribution. Neotropical Region. 
 
Subfamily Oligoneuriinae Ulmer, 1914  
Type genus. Oligoneuria Pictet, 1843 
Included tribes. Oligoneuriini Ulmer, 1914, Homoeoneuriini trib.n., Oligoneurielliini trib.n., and 
Elassoneuriini trib.n. 
Diagnosis. Nymph. Abdominal gill I attached ventrally. Male imago. Vein R3 originated before 
basal third of forewing; vein Rs bifurcated next to the base of forewing; cubito-anal sector of 
forewing reduced.   
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Distribution. Palearctic, Nearctic, Neotropical, Panamanian, Madagascan, Saharo-Arabian, 
Afrotropical, and Sino-Japanese regions. 
 
Tribe Oligoneuriini Ulmer, 1914 
Type genus. Oligoneuria Pictet, 1843 
Included genera. Oligoneuria Pictet, Lachlania Hagen, Spaniophlebia Eaton, and Yawari Salles, 
Soares, Massariol & Faria stat.n. 
Diagnosis. Nymph. Inner margin of mid and hind femora with protuberances at base of setae; 
lateral margins of abdominal setae with simple setae. 
Distribution. Neotropical Region. 
 
Genus Yawari Salles, Soares, Massariol & Faria, 2014 new status 
Oligoneuria (Yawari) Salles, Soares, Massariol & Faria, 2014: 14. 
Type species. Oligoneuria (Yawari) truncata Salles, Soares, Massariol & Faria, 2014 
Included species. Yawari truncata comb.n., Yawari anatina comb.n. 
Diagnosis. Nymph. Distal margin of anterior projection of head truncate, medial carina 
present; inner margin of mid and hind tarsi with tufts of setae before apex; outer lamella of gill 
I present; inner margin of mid and hind tibiae with numerous long and few short, thick setae, 
protuberances at base of setae strongly developed (Salles et al., 2014). Inner margin of mid 
and hind femora with strongly developed protuberances at base of long, thick setae (Massariol 
& Cruz, 2015). Imago. IMP present, spectral; posterior margin of styliger plate of male strongly 
expanded; penis lobes with ventrally curved medial process (Salles et al., 2014). Forceps three-
segmented (Massariol & Cruz, 2015). Forewing, vein MA bifurcated next to base of wing [60:1]; 
inner lobe of penis membranous [75:0] (present study). 
Distribution. Neotropical Region: Brazil (Amazonas, Amapá). 
Remarks. The problem of defining the position of O. (O.) anomala (type species known only by 
female imago) in relation to other Oligoneuria species and the morphological diversity within 
the genus led Salles et al. (2014) to adopt a more conservative position. Three subgenera were 
erected: Oligoneuria s.s. to accommodate the problematic type species O. anomala; 
Oligoneuria (Oligoneurioides) for O. amandae, O. amazonica, O. itayana, O. macabaiba, O. 
mitra; and Oligoneuria (Yawari) for a single species, O. truncata. Later, Massariol & Cruz (2015) 
described a new species (Oligoneuria anatina) and suggested some changes on diagnosis of 
the subgenus. At the present work only one character was coded for female imago thus the 
addition of O. anomala in the analyses would led to a large number of missing in the data 
matrix.  Including taxa with many missing data can be problematic leading to several equally 
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parsimonious trees and poorly resolved consensus trees (Wiens, 2003). Here the genus 
Oligoneuria is paraphyletic, being Oligoneuria (Yawari) sister group of Spaniophlebia so we 
chose to elevated the status of Yawari from subgenus to genus. Another alternative would be 
to transfer Oligoneuria (Yawari) to Spaniophlebia however, there are variation of some 
characters between these taxa which usually not vary within genus level in Oligoneuriidae. In 
Oligoneuria (Yawari) vein IMP of forewing is spectral while in Spaniophlebia is complete; 
Oligoneuria (Yawari) has three segments at apex of forceps and Spaniophlebia has only one; 
and the posterior margin of styliger plate of Oligoneuria (Yawari) has rounded projections but 
it is absent on Spaniophlebia.  
 
Tribe Homoeoneuriini Massariol, Takiya & Salles trib.n. 
Type genus. Homoeoneuria Eaton, 1881 
Included genera. Homoeoneuria Eaton, Fittkauneuria Pescador & Edmunds, Oligoneurisca 
Tshernova, and Rianilaneuria Pescador & Peters. 
Diagnosis. Nymph. Epimera and episterna not projected laterally; abdominal posterolateral 
projections present on segments VIII to IX; outer lamella of gill I absent; outer lamella of gill IV 
with long simple setae on inner margin; inner lamella of gill IV absent. 
Distribution. Neotropical, Palearctic, and Madagascan regions. 
 
Tribe Oligoneurielliini Massariol, Takiya & Salles trib.n. 
Type genus. Oligoneuriella Ulmer, 1924 
Included genera. Oligoneuriella Ulmer and Oligoneuriopsis Crass. 
Diagnosis. Male imago. Penis lobe with proximal sclerotized process. 
Distribution. Palearctic, Saharo-Arabian, Afrotropical, and Sino-Japanese regions. 
 
Tribe Elassoneuriini Massariol, Takiya & Salles trib.n. 
Type genus. Elassoneuria Eaton, 1881 
Included genera. Elassoneuria Eaton and Madeconeuria Demoulin stat.n. 
Diagnosis. Nymph. Posterior margin of abdominal terga with spines; outer lamella of gill IV 
asymmetric; inner lamella of gill IV poorly developed, reaching up to half length of outer 
lamella; caudal filaments with spine-like setae. Male imago. Forewing. Veins R3 and IRS 
absent; vein IMP spectral; spectral cross veins present; vein MA bifurcated after basal third of 
wing.  
Distribution. Afrotropical and Madagascan regions. 
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Genus Madeconeuria Demoulin, 1973 new status 
Elassoneuria (Madeconeuria) Demoulin, 1973: 8. 
Type species. Elassoneuria (Madeconeuria) insulicola Demoulin, 1966 
Included species. Madeconeuria insulicola comb.n. 
Diagnosis. Nymph. Outer lamella of gill I developed (Demoulin, 1973). Outer margin of fore, 
mid and hind femora without fine, long, simple setae [14:0, 16:0] (present study). Imago. Mid 
and hind tarsi with four segments; hind wing with four longitudinal veins above MP 
bifurcation; forceps with three segments; penis lobes recurved (Demoulin, 1973). Penis lobes 
connected by median condyles (Kluge, 2007). Male eyes contiguous [48:0]; posterior margin of 
styliger plate with acute paired projections [71:2]; inner lobe of penis membranous [75:0] 
(present study). 
Distribution. Madagascan Region. 
Remarks. The subgenus Madeconeuria was erected by Demoulin (1973) to include a single 
species, Elassoneuria insulicola that differs from the remainder species of the genus by a set of 
characteristics mostly concerning the male adult male. After a detailed observation of external 
morphology and geographical distribution of both Elassoneuria and Madeconeuria subgenera 
we conclude that such variation does not support the hypothesis of a single genus. There are 
five main considerable differences: 1) penis lobes curved in Madeconeuria, but finger-like in 
Elassoneuria; 2) forceps with four segments in Madeconeuria, while with three in Elassoneuria; 
3) mid and hind tarsi with four segments in Madeconeuria, but three in Elassoneuria; 4) fore 
wing of Madeconeuria has four longitudinal veins before MP bifurcation, while Elassoneuria 
has three; and 5) nymphs of Madeconeuria has outer lamella of gill I developed, but in 
Elassoneuria it is vestigial. Besides the external morphology, species of each subgenus have a 
different geographical distribution: Madeconeuria is confined to Madagascar and Elassoneuria 
species are distributed in the Afrotropical Region. Another fact that supports our hypothesis is 
that, although it is currently monotypical, diagnostic characters of Madeconeuria are constant 
in the many undescribed new species deposited in Musée cantonal de Zoologie (MZL), 
Lausanne, Switzerland. 
 
Key to subfamilies, tribes, and genera of Oligoneuriidae 
 
Nymph 
1. Gill I inserted dorsally…………………………………………………………………………………………………..……… 2  
1’. Gill I inserted ventrally...............................................................................Oligoneuriinae….. 3 
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2. Longitudinal and transversal veins numerous; geminated longitudinal veins present; fossil 
species; distributed in Neotropical Region.............................................Colocrurinae….. Colocrus 
2’. Longitudinal and tranversal veins scarcely; geminated longitudinal veins absent and Living 
species; distributed in Oriental Region………………………….……….....Chromarcyinae….. Chromarcys 
3. Lateral margin of epimera and episterna not projected laterally; posterolateral projection of 
abdomen on segments VIII to IX; inner margin of outer lamella of gill IV with long, simple 
setae…………………………………………………………………..………………………………..…..Homoeoneuriini….. 4 
3’. Lateral margin of epimera and episterna projected laterally; posterolateral projection of 
abdomen on segments I-IX, II-IX, III-IX or IV-IX; inner margin of outer lamella of gill IV without 
long, simple setae………………………………………………………………………………………………………………….. 6 
4. Mid and hind coxae flattened; fore tibia and tarsus not fused; mid and hind tarsal claws 
robust…………………………………………………………………………………………………………………. Fittkauneuria  
4’. Mid and hind coxae cylindrical; fore tibia and tarsus fused; mid and hind tarsal claws 
slender……………………………………………………………………………………………………………………………………. 5 
5. Sterna I with a finger-like process; outer lamella of gill I absent; inner lamella of gill IV 
absent……………………………………………………………………………………………………………… Homoeoneuria 
5’. Sterna I without a finger-like process; outer lamella of gill I present; inner lamella of gill IV 
present………………………………………………………………………………………………………………… Oligoneurisca 
6. Lateral margin of anterior projection with indentation; setae on inner margin of mid and 
hind femora with protuberances at base; projection of epimera and episterna 
acute……………………………………………………………………………………………………………...Oligoneuriini….. 7  
6’. Lateral margin of anterior projection without indentation; setae on inner margin of mid and 
hind femora without protuberances at base; projection of epimera and episterna 
rounded……………………………………………………………………………………………………………………………..…. 10 
7. Terminal filament absent……………………………………………………………………………………………………. 8 
7’. Terminal filament present…………………………………………………………………………………………….……. 9 
8. Outer margin of forefemur with fine, long, simple setae; inner margin of mid and hind tibiae 
with long, simple setae…………………………………………………………………………………….…. Spaniophlebia 
8’. Outer margin of forefemur without fine, long, simple setae; inner margin of mid and hind 
tibiae without long, simple setae………………………………………………………………………….……. Lachlania 
9. Protuberances at base of setae on inner margin of mid and hind femora barely developed; 
inner margin of mid and hind tibiae with long, simple setae…………………………………. Oligoneuria 
9’. Protuberances at base of setae on inner margin of mid and hind femora strongly developed; 
inner margin of mid and hind tibiae without long, simple setae……………………………….……. Yawari 
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10. Posterior margins of abdominal terga with spines; gill IV asymmetric; inner lamella of gill IV 
poor-developed (reaching half of total length of outer lamella)………………..Elassoneuriini….. 11 
10’. Posterior margins of abdominal terga without spines; gill IV symmetric; inner lamella of gill 
IV well-developed (same length or longer than outer lamella)………………………Oligoneuriini….. 12 
11. Outer lamella of gill IV developed; outer margins of fore, mid and hind femora with fine, 
long, simple setae………………………………………………………………………………………………. Madeconeuria 
11’. Outer lamella of gill IV vestigial; outer margins of fore, mid and hind femora without fine, 
long, simple setae…………………………………………………………………………………………………. Elassoneuria 
12. Antenna positioned dorsally; anterior surface of fore tibia with a row of setae; spine-like 
setae on caudal filaments absent………………………………………………………………………… Oligoneuriella 
12’. Antenna positioned frontally; anterior surface of fore tibia without a row of setae; spine-
like setae on caudal filaments present……………………………………………………………… Oligoneuriopsis 
 
Male imago 
1. Wings with many intercalaries and crossveins; vein R3 parallel to R1; cubito-anal sector of 
forewing developed……………………………………………………………………Chromarcyinae….. Chromarcys 
1’. Wings with very few intercalaries and crossveins; vein R3 divergent to R1; cubito-anal 
sector of forewing reduced…………………………………………………………………………………………………….2 
2. Forewing with three pairs of geminated or close longitudinal veins; vein Rs bifurcates after 
basal quarter of forewing…………………………………………………………………...Colocrurinae….. Colocrus 
2’. Forewing with five or more pairs of geminated or close longitudinal veins; vein Rs bifurcates 
next to base of forewing.................................................................................Oligoneuriinae….. 3 
3. Proximal sclerotized process on penis lobe present…………………………………Oligoneuriellini….. 4 
3’. Proximal sclerotized process on penis lobe absent…………………………………………………………….. 5 
4. Proximal sclerotized process on penis lobe saddle-shaped………………………..……. Oligoneuriella 
4’. Proximal sclerotized process on penis lobe apically pointed or dentate………. Oligoneuriopsis 
5. Vein MA bifurcates after basal third of forewing……………………………………….Elassoneuriini….. 6 
5’. Vein MA bifurcates next to base of forewing……………………………………………………………………... 7 
6. Penis lobes articulated by condilus; inner lobe of penis membranous……………. Madeconeuria 
6’. Penis lobes articulated by transverse sclerite; inner lobe of penis semi-
membranous…………………………………………………………………………………………………………. Elassoneuria 
7. Plumidia present, short (not reaching median length of abdominal segment I); inner and 
outer lobes of penis articulated………………………………………………………………………Oligoneuriini….. 8 
7’. Plumidia absent or present, long (reaching median length of abdominal segment I); inner 
and outer lobes of penis free……………………………………………………………………Homoeoneuriini…..11 
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8. Vein IMP of forewing spectral; inner lobe of penis membranous; terminal filament 
present……………………………………………………………………………………………………………………………………. 9  
8’. Vein IMP of forewing complete; inner lobe of penis semi-membranous; terminal filament 
absent…………………………………………………………………………………………………………………………………. 10  
9. Forceps with one apical segment; paired projections on posterior margin of styliger plate 
present and acute…………………………………………………………………………………………………. Oligoneuria 
9’. Forceps with two apical segment; paired projections on posterior margin of styliger plate 
absent or present and rounded……………………………………………………………………………………... Yawari 
10. Vein R3 originates after basal third of forewing; spectral cross veins absent…….…. Lachlania 
10’. Vein R3 originates before basal third of forewing; spectral cross veins 
present…………………………………………………………………………………………………………….…. Spaniophlebia 
11. Plumidia present; coxae of mid leg not developed (around 1/5 of length of forefemur); vein 
IMP of forewing present………………………………………………………………………………………. Fittkauneuria 
11’. Plumidia absent; coxae of mid leg developed (at least 1/2 of forefemur); vein IMP of 
forewing absent……………………………………………………………………………………………………………………. 12 
12. Veins R3 and IRS absent; wings without complete cross veins; forceps 
absent…………………………………………………………………………………………………………….…. Homoeoneuria 
12’. Veins R3 and IRS present; wings with complete cross veins; forceps present…………………. 13 
13. Forewing without spectral cross veins; forceps with three segments………….…. Oligoneurisca  
13’. Forewing with spectral cross veins; forceps with two segments……………………. Rianilaneuria 
 
Spatial and temporal evolution of Oligoneuriidae 
 
Based on present results, the stem lineage of Oligoneuriidae (Colocrurinae + 
Chromarcyinae + Oligoneuriinae) diverged from its sister group around 150 Mya and was 
distributed on the Gondwanan continent, but restricted to the currently delimited Neotropical 
Region (according to S-DIVA analyses of combined data, Fig. 7). This Gondwanic origin was 
suggested earlier by Edmunds (1979) and McCafferty (1999), however Edmunds (1972) 
supposed that the ancestor of Oligoneuriidae was distributed in compound area including 
Afrotropical + Neotropical instead of Neotropical Region only. The initial divergence of 
Oligoneuriidae involves a range expansion to the Oriental and Afrotropical areas by the 
ancestor of Chromarcyinae + Oligoneuriinae leaving Colocrurinae still restricted to the 
Neotropical Region, sometime between 150 and 118 Mya (Table 4), before the complete 
breakup of Gondwana (McLoughlin, 2001). The Gondwana breakup has most likely influenced 
the vicariant event seen as the cause for the divergence between ancestral Chromarcyinae 
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from Oligoneuriinae, the former restricted to the Oriental Region and the latter in a compound 
area Neotropical + Afrotropical (Figs. 6 and 7). The resulting estimated date for this divergence 
was from 110.4 to 139.6 Mya (Table 4), a date range that includes the estimated date for the 
opening of Somali Basin (121 Mya), which separated the north of South America + Africa from 
Madagascar + India (Sanmartín & Ronquist, 2004).  
The ancestor of all Oligoneuriinae was distributed in the compound Afrotropical + 
Neotropical area and a vicariance event is inferred to have occurred between 83.4 to 122.1 
Mya, separating the Neotropical clade (Oligoneuriini + Homoeoneuriini) from the Afrotropical 
one (Oligoneurielliini + Elassoneuriini). The estimated date is temporally congruent with the 
opening of the north of South Atlantic that occurred during the mid-late Cretaceous (110 Mya) 
(Sanmartín & Ronquist, 2004).  
Within Oligoneuriini, most probable scenario for the evolution of the genus Lachlania 
included an initial range expansion through dispersal from the Neotropical Region to the 
Panamanian + Nearctic compound area between 77 and 46 Mya; followed by two vicariance 
events, between the Panamanian and Nearctic + Neotropical and later between the Nearctic 
and Neotropical region. This scenario mostly supports the hypothesis raised by Edmunds 
(1972; 1979) and McCafferty, Flowers & Waltz (1992) that Lachlania reached the Nearctic 
Region through dispersal.  In addition, Nearctic Lachlania species develop (from egg eclosion 
to adult emergence) annually during the summers that have short duration (Edmunds, Jensen 
& Berner, 1976), a behavior that further suggests an adaptation accompanying a temperate 
invasion (McCafferty, Flowers & Waltz, 1992). The herein estimated date range for this 
dispersal is congruent with a connection maintained from middle Cretaceous (100Mya) to 
early Eocene (about 49Mya) called proto-Carribean archipelago (Hay et al., 1999). This 
scenario contradicts the predictions of Edmunds (1982) and McCafferty (1998) that Lachlania 
would have dispersed to North America through Isthmus of Panama (3.5 Mya). However, the 
hypothesized vicariant events, especially latest one, is more likely to have been influenced by 
the low number of representatives included of the highly diverse genus Lachlania.  
Regarding Homoeoneuria the hypothesis of its ancestral dispersal from the Neotropical 
to Panamanian and Nearctic regions could not be test because only Neotropical 
representatives were included. Nevertheless, the dispersal hypothesis proposed by Edmunds 
(1979; 1982) and McCafferty (1998) is herein supported based on results of the S-DIVA analysis 
of molecular data (Fig. 6), where the ancestor of Homoeoneuria and its sister group was found 
distributed in the Neotropical Region only, but alternatively, may not be supported by the S-
DIVA analysis of combined data (Fig. 7), where this ancestor was found ambiguously 
distributed in compound areas involving combinations of Neotropical, Panamanian, and 
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Nearctic regions. McCafferty, Flowers & Waltz (1992) inferred a vicariance event between 
Homoeoneuria (Notochora) and Homoeoneuria (Homoeoeneuria), subgenera distributed until 
then in the Neotropical and Nearctic regions, respectively. However, after the discovery of a 
new species (H. watu) in Brazil and the placement of it in Homoeoneuria s.s. (Salles, 
Francischetti & Soares, 2009) the McCafferty hypothesis becomes questionable. 
Clades Elassoneuriini and Oligoneurielliini diverged from each other between 61.5 to 
107.1 Mya and their ancestors both expanded their ranges through dispersal from the 
Afrotropical Region to Madagascar over sea and to Palearctic + Saharo-arabian regions over 
land, respectively. The dispersal by land could be possible, once Africa collided with Eurasia at 
about 60 Mya (Sanmartín & Ronquist, 2004), and the dispersal to Madagascar would be 
possible only by sea, because the island was already completely separated from Africa at about 
165 Mya (McLoughlin, 2001). The trans-oceanic dispersal from Africa to Madagascar has also 
been documented for other families of Ephemeroptera — Baetidae (Monagham et al., 2005) 
and Heptageniidae (Vuataz et al., 2013). It seems more likely that Eurasian brushleg mayfly 
ancestors reached the Palearctic through dispersal from the Afrotropics as Edmunds (1979) 
had supposed, and not via the Oriental Region as precluded by McCafferty (1999). Present 
analyses also suggest that a vicariant event occurred around 73.2 to 31.3 Mya, causing the 
divergence between the ancestors of Oligoneuriopsis and Oligoneuriella, the former remained 
restricted to the Afrotropical + Saharo-arabian regions and the latter to the Palearctic Region. 
Dates are temporally congruent with a number of tectonic events in the Mediterranean region 
(about 30 Mya) (Jolivet, 2000), which may have been responsible for the vicariant event 




 The present study represents the first phylogeny of brushleg mayflies to date, and it 
was a crucial step for the proposal of a revised classification and in our understanding of the 
evolution of this interesting world-wide distributed family of Ephemeroptera. The phylogenetic 
analyses of morphological, molecular, and combined datasets allowed us to corroborate the 
division of Oligoneuriidae into the three previously recognized subfamilies and to propose the 
division of Oligoneuriinae into four tribes, three newly proposed herein. Furthermore, the 
subgenus Madeconeuria and Yawari were erected to genus level. The results further indicate 
that the initial diversification of Oligoneuriidae began at around 118 Mya on the Gondwanan 
continent and that this pantropical family reached the Nearctic Region through dispersal from 
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the Neotropical Region and the Palearctic and Madagascan regions through dispersal from the 
Afrotropical Region. 
 This can be considered a starting point for future studies of phylogeny, biogeography, 
and evolution of Oligoneuriidae and of the order Ephemeroptera as a whole. The incorporation 
of molecular data for taxa not included in the present study, especially of Oligoneurisca, 
Rianilaneuria, Elassoneuria (Elassoneuria), and Nearctic representatives, as well as the addition 
of new molecular markers and coding of new morphological characters, would be desirable in 
order to increase the resolution of the phylogenetic tree of the family Oligoneuriidae and 
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Table 1. Taxa and character partitions used for the phylogenetic analysis of Oligoneuriidae. 
OTU representing terminal genera were based on multiple species listed under species. 
Number of specimens of different stages (MI= male imago, FI= female imago, N= nymph) 
studied for morphology coding (CFL= OTU coded from the literature). DNA voucher specimen 
number listed with corresponding gene partition GenBank access number. [As soon as we 
submit the paper "X" will be replaced by access number] Locality information of specimens are 
given in Appendix 1.   
 
 
OTU Species Morphology  
Voucher 
number 
COI 16S 18S 28S 
OUTGROUP 
  Rhitrogena R. picteti 1MI      
 Rhitrogena sp. 4N Ep6557a X X X X 
  Isonychia I. georgei 3N      
 I. sayi 1MI, 1FI      
 I. japonica — Ep6385a X X X X 
  Murphyella needhami  2N, 1MI, 1FI DZRJ 2470a X X X X 
INGROUP 
  Chormarcys magnifica  1N+ CFL Ep6555a X X X X 
  Colocrus indivicum  CFL — — — — — 
  Oligoneuria (Oligoneurioides) amazonica  3N, 3MI, 1FI Ep6054a X X X X 
  Oligoneuria (Oligoneurioides) mitra  3N, 3MI, 1FI Ep5668b X X X X 
  Oligoneuria (Yawari) anatina  1N, 3MI, 1FI Ep6057a X X X X 
  Spaniophlebia S. kayapo 1MI, 1FI Ep5661b — X — — 
 Spaniophlebia sp. 1N      
  Lachlania alcidesi  3N, 2MI, 1FI Ep5632b X X X X 
  Lachlania aldinae  3N, 1FI Ep5628a X X X X 
  Lachlania saskatchewanensis  CFL — — AY749801 AY338701 AY338658 
  Lachlania sp.  3N Ep5630a X X X X 
  Fittkauneuria F. adusta 2N  Ep5657a X X X X 
 F. carina CFL      
  Homoeoneuria (Homoeoneuria) watu   2N, 1MI, 1FI Ep5664a X X X X 
  Homoeoneuria sp.  2N Ep6732a X X X X 
  Elassoneuria (Elassoneuria)   3N, 3MI — — — — — 
  Elassoneuria (Madeconeuria)  3N, 3MI, 1FI Ep5727a X X X X 
  Oligoneuriella rhenana  3N, 2MI Ep6391a X X X X 
  Oligoneuriella pallida  3N + CFL Ep6394b X X X X 
  Oligoneuriella orontoensis  1N — — — — — 
  Oligoneuriopsis O. lawrencei  Ep6731a X X X X 
 O. skhounate 3N, 3MI, CFL      
  Oligoneurisca borysthenica  CFL — — — — — 
  Rianilaneuria diminuta  1MI, 1FI — — — — — 
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Table 2. Morphological characters and their states coded for the phylogenetic analysis of 
Oligoneuriidae. Character length, consistency, and retention indexes given based on selected 
implied weighted trees (k=3) resulting from the analysis of morphological characters only 
(trees with identical metrics). 
 
N° Character with states L CI RI 
 Nymph 
1 Antenna, position <Specimens with flat head consequently has dorsal antenna, and those with 
three-dimensional head has frontal antenna>: (0) dorsal; (1) frontal 
4 0.25 0.62 
2 Antenna, apical antennomeres, processes: (0) absent, (1) present 3 0.33 0.71 
3 Anterior projection: (0) absent, (1) present 2 0.50 0.00 
4 Eye, side, indent: (0) absent, (1) present 2 0.50 0.85 
5 Eye, side, indent, amount: (0) one, (1) two 1 1.00 1.00 
6 Labrum, anterior margin, spines: (0) absent, (1) present 1 1.00 1.00 
7 Maxilla, apical angle, shape: (0) acute, (1) broad 1 1.00 1.00 
8 Maxilla, maxillary palp, second segment lenght in relation to first: (0) subequal, (1) much longer 1 1.00 1.00 
9 Epimera and episterna, lateral margin extension: (0) not projected laterally, (1) projected laterally 2 0.50 0.83 
10 Epimera and episterna, projection, shape: (0) rounded, (1) acute 1 1.00 1.00 
11 Labium, accessory gills: (0) absent, (1) present 1 1.00 1.00 
12 Mid and hind coxae, shape: (0) cylindrical, (1) flattened 1 1.00 1.00 
13 Mid and hind coxae, dorsal projection: (0) absent, (1) present 3 0.33 0.50 
14 Fore femur, outer margin, fine, long, simple setae: (0) absent, (1) present 6 0.16 0.37 
15 Fore femur, outer margin, fine, long, simple setae, position: (0) up to half the length, (1) exceeding 
half the length 
3 0.33 0.60 
16 Mid and hind femora, outer margin, fine, long, simple setae: (0) absent, (1) present 2 0.50 0.50 
17 Mid and hind femora, outer margin, fine, long, simple setae, position:(0) up to half the length, (1) 
exceeding half the length 
5 0.20 0.00 
18 Mid and hind femora, inner margin, setae, protuberances at base: (0) absent, (1) present 1 1.00 1.00 
19 Mid and hind femora, inner margin, setae, protuberances at base, development: (0) barely, (1) 
strongly 
1 1.00 1.00 
20 Fore tibia and tarsus, fusion: (0) fused, (1) not fused 1 1.00 1.00 
21 Fore tibia, anterior surface, row of setae: (0) absent, (1) present 2 0.50 0.66 
22 Fore tibia, anterior surface, row of setae, position: (0) restricted to apex, (1) along entire length 1 1.00 1.00 
23 Mid and hind tibiae, inner margin, long, simple setae: (0) absent, (1) present 2 0.50 0.75 
24 Mid and hind tibiae, inner margin, spine-like setae: (0) absent, (1) present 1 1.00 1.00 
25 Mid and hind tarsal claw, shape: (0) slender, (1) robust 1 1.00 1.00 
26 Abdominal terga, posterior margin, spines: 0) absent, (1) present 2 0.50 0.66 
27 Abdominal terga, lateral margins, setae: (0) absent, (1) present 2 0.50 0.88 
28 Abdominal terga, lateral margins, setae, type: (0) simple, (1) spine-like 2 0.50 0.66 
29 Abdominal sterna, tuft of long setae: (0) absent, (1) present 1 1.00 1.00 
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Table 2 (Continued) 
 
N° Character with states L CI RI 
30 Abdomen, posterolateral projection: (0) absent, (1) present UNINF UNINF UNINF 
31 Abdomen, posterolateral projection, segment distribution: (0) I-IV to IX, (1) VIII to IX 2 0.50 0.75 
32 Abdominal sterna, segment I, finger-like process: (0) absent, (1) present 1 1.00 1.00 
33 Gill I, insertion: (0) dorsal, (1) ventral 1 1.00 1.00 
34 Gill I, outer lamella: (0) absent, (1) present 2 0.50 0.50 
35 Gill I, outer lamella, development: (0) vestigial, (1) well developed 2 0.50 0.50 
36 Gill IV, outer lamella, shape: (0) fibrilliform, (1) not fibrilliform UNINF UNINF UNINF 
37 Gill IV, outer lamella, symmetricity: (0) symmetric, (1) asymmetric 4 0.25 0.25 
38 Gill IV, outer lamella, dorsal surface and margins, spines: (0) absent, (1) present 3 0.33 0.66 
39 Gill IV, outer lamella, length in relation to width: (0) about 5x, (1) about 2x  1 1.00 1.00 
40 Gill IV, outer lamella, inner margin, long simple-setae: (0) absent, (1) present 1 1.00 1.00 
41 Gill IV, inner lamella: (0) absent, (1) present 2 0.50 0.50 
42 Gill IV, inner lamella, development in relation to outer lamella: (0) poor-developed (reaching half 
of total length of outer lamella), (1) well-developed (same length or longer than outer lamella) 
1 1.00 1.00 
43 Terminal filament: (0) absent, (1) present 3 0.33 0.60 
44 Terminal filament, length in relation to length of cerci: (0) shorter (reaching half of length of 
cerci), (1) reaching at least 3/4 of length of cercus 
5 0.20 0.20 
45 Caudal filaments, setae, amount: (0) abundant (covered with primary swimming setae in most 
segments), (1) rare (setae absent in most segments, only a few segments with scarce setae) 
5 0.20 0.20 
46 Terminal filament, setae: (0) absent, (1) present, almost entirely covered with setae, (2) present, 
covered with setae, except in the basal 1/3 
3 0.66 0.00 
47 Caudal filaments, spine-like setae: (0) absent, (1) present 4 0.25 0.25 
 Male Imago    
48 Male eye, continuity: (0) contiguous, (1) not contiguous 3 0.33 0.60 
49 Plumidia: (0) absent, (1) present 2 0.50 0.75 
50 Plumidia, length in relation to metanotum: (0) short (not reaching median length of abdominal 
segment I), (1) long (reaching median length of abdominal segment I) 
1 1.00 1.00 
51 Middle leg, coxae development: (0) not developed (around 1/5 of length of forefemur), (1) 
developed (at least 1/2 of forefemur) 
1 1.00 1.00 
52 Tarsal claws, shape: (0) at least one acute, (1) both rounded 1 1.00 1.00 
53 Forewing, vein R3: (0) absent, (1) present 2 0.50 0.50 
54 Forewing vein R3, origin in relation to length of forewing: (0) before basal third, (1) after basal 
third 
2 0.50 0.83 
55 Forewing, vein R3, orientation in relation to R1: (0) parallel, (1) divergent 2 0.50 0.00 
56 Forewing, IRS vein: (0) absent, (1) present 3 0.33 0.33 
57 Forewing, longitudinal veins, gemination: (0) absent, (1) present 1 1.00 1.00 
58 Forewing, geminated or close longitudinal veins, amount of pairs: (0) three, (1) five or more UNINF UNINF UNINF 
59 Forewing, vein IMP: (0) absent, (1) present 2 0.50 0.80 
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Table 2 (Continued) 
  
N° Character with states L CI RI 
60 Forewing, vein IMP, translucency: (0) complete, (1) spectral 3 0.33 0.50 
61 Forewing, vein MA, origin of bifurcation in relation to length of wing: (0) after basal third, (1) next 
to base 
2 0.50 0.80 
62 Forewing, vein Rs, origin of bifurcation in relation to length of wing: (0) after basal quarter, (1) 
next to base 
1 1.00 1.00 
63 Forewing, complete cross veins: (0) absent, (1) present UNINF UNINF UNINF 
64 Forewing, complete crossveins present between veins, distribution: (0) all sectors, (1) restrict to 
costal, subcostal, radial or medius anterior (MA) sectors 
2 0.50 0.75 
65 Forewing, spectral crossveins: (0) absent, (1) present 4 0.25 0.40 
66 Forewing, cubito-anal sector: (0) developed, (1) reduced 1 1.00 1.00 
67 Hindwing, complete cross veins: (0) absent, (1) present UNINF UNINF UNINF 
68 Forceps: (0) absent, (1) present 2 0.50 0.00 
69 Forceps, pedestal of gonostyli: (0) absent, (1) present 1 1.00 1.00 
70 Forceps, apical segments, amount: (0) one, (1) two or more 2 0.50 0.75 
71 Styliger plate, posterior margin, paired projection: (0) absent, (1) present, rounded, (2) present, 
acute 
5 0.40 0.66 
72 Penis, inner and outer lobe, fusion: (0) fused, (1) not fused 1 1.00 1.00 
73 Penis, inner and outer lobe, articulation: (0) articulated, (1) free 1 1.00 1.00 
74 Penis lobes, shape of articulation: (0) condilus, (1) transverse sclerite UNINF UNINF UNINF 
75 Penis lobe, inner lobe: (0) membranous, (1) semi-membranous 4 0.25 0.25 
76 Penis lobe, proximal sclerotized process: (0) absent, (1) present 1 1.00 1.00 
 Female imago    
77 Female, abdomen, posterolateral projection in the sternum IX: (0) absent, (1) present 3 0.33 0.33 
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Table 3. Primer names, sequences, and references used to amplify and sequence selected 
genes for the phylogenetic analysis of Oligoneuriidae. 
 
Gene Primer Direction Sequence (5’ - 3’) Reference 
COI LCO-1490 Forward GGTCAACAAATCATAAAGATATTGG Folmer et al. 1994 
 C1-J-1718 Forward GGAGGATTTGGAAATTGATTAGTTCC Simon et al. 1994 
 HCO-2198 Reverse TAAACTTCAGGGTGACCAAAAAATCA Folmer et al. 1994 
16S LR-J-12887 Forward CCGGTYTGAACTCARATCA Takiya et al. 2006 
 16S-Lepto-F Reverse TAAGTGTGCAAAGGTAGC Malm & Johanson 2008 
18S 18Sf Forward AGGGCAAGTCTGGTGCCAGC Ferris et al. 2004 
 18Sr Reverse TTTCAGCTTTGCAACCATAC Ferris et al. 2004 
28S D2-3549F Forward AGTCGTGTTGCTTGATAGTGCAG Campbell et al. 1993 
 D2-3665F Forward AGAGAGAGTTCAAGAGTACGTG Hancock et al. 1988 
 D5-4749R Reverse GTTACACACTCCTTAGCGGA Hancock et al. 1988 






 Table 4. Combined results of divergence times estimates and biogeography of Oligoneuriidae, 
showing the median age estimate with the 95% HPD and ancestral range reconstruction with 
the probabilities (P) obtained under the S-DIVA (based on BI analyses of molecular data and on 

















 Age 95% HPD  Range P  Range P  Range P 
Oligoneuriidae – Outgroup 149.4 127.0–185.1  D 0.80  C 0.16  D 1.0 
Colocrurinae – Chromarcyinae + Oligoneuriinae - -  - -  - -  D 0.60 
Chromarcyinae – Oligoneuriinae 118.3 110.4–139.6  CDH/CD 0.49  CDH 0.35  CDH/CD 0.42 
Elassoneuria + Oligoneuriella + Oligoneuriopsis – Lachlania + 
Oligoneuria + Spaniophlebia + Homoeoneuria + Fittkauneuria 
100.5 83.4–122.1  DH 1.0  DH 0.42  DH 0.79 
Elassoneuria – Oligoneuriopsis + Oligoneuriella 83.6 61.5–107.1  H 1.0  H 0.42  H 0.78 
Elassoneuria (Elassoneuria) – Elassoneuria (Madeconeuria) - -  - -  - -  FH 1.0 
Oligoneuriopsis – Oligoneuriella 50.5 31.3–73.2  AGH/AH 0.5  GH 0.30  AGH/AH 0.47 
O. orontoensis – O. rhenana + O. pallida - -  - -  - -  A 0.99 
O. rhenana – O. pallida 28.3 13.6–45.9  A 1.0  AG 0.35  A 0.78 
Homoeoneuria + Fittkauneuria + Oligoneurisca + 
Rianilaneuria – Spaniophlebia + Oligoneuria + Lachlania 
- -  - -  - -  D 1.0 
Homoeoneuria + Fittkauneuria – Spaniophlebia + Oligoneuria 
+ Lachlania 
86.3 68.8–106.2  D 1.0  D 0.90  - - 
Fittkauneuria – Homoeoneuria 70.6 50.9–91.3  D 1.0  D 0.99    
Fittkauneuria – Homoeoneuria + Oligoneurisca + 
Rianilaneuria 
- -  - -  - -  D 0.99 
Homoeoneuria –  Oligoneurisca + Rianilaneuria - -  - -  - -  AD/ADF/
DF 
0.33 
Homoeoneuria sp. – H. (H.) watu 31.1 16.4–48.9  D 1.0  D 0.99  D 1.0 
Oligoneurisca – Rianilaneuria - -  - -  - -  AF 1.0 
Lachlania – Oligoneuria + Spaniophlebia 77.1 60.3–96.4  D 1.0  D 0.82  D 1.0 
Spaniophlebia – Oligoneuria 66.2 46.5–87.2  D 1.0  D 0.99  D 1.0 
O. (Y.) anatina – O. (O.) amazonica + O. (O.) mitra 46.8 30.4–65.1  D 1.0  D 0.99  D 1.0 
O. (O.) amazonica – O. (O.) mitra 24.5 12.9–38.9  D 1.0  D 0.99  D 1.0 
Lachlania sp. – L. saskatchewanensis + L. aldinae + L. alcidesi 46.1 31.7–63.2  BDE/DE 0.5  BDE 0.69  BDE/DE 0.5 
L. saskatchewanensis – L. aldinae + L. alcidesi 31.3 18.7–44.9  BD 1.0  BD 0.97  BD 1.0 
L. aldinae – L. alcidesi 19.2 9.6–31.1  D 1.0  D 0.99  D 1.0 
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Fig. 1. Strict consensus of three most parsimonious tree under k value of 3 (total fit = 56.56; 
total adjusted homoplasy = 14.44) recovered from the analysis of 77 morphological characters 
of Oligoneuriidae. Numbers above and below circles are characters and state numbers, 





Fig. 2. Strict consensus tree recovered from the analysis of 77 morphological characters of 
Oligoneuriidae (same shown in Fig. 1) with node numbers within circles and support values. 
Numbers above and below branches indicate Frequency Difference indices (GC) and Relative 





Fig. 3. Bayesian inference consensus of post-burnin trees (average =lnL = -15237.84) resulting 
of the mixed-model analysis of the molecular dataset (partitions: COI, 16S, 18S, 28S) of 
Oligoneuriidae. Numbers above and below branches indicate posterior probabilities and 







Fig. 4. Bayesian inference consensus of post-burnin trees (average =lnL = -15870.498) resulting 
of the mixed-model analysis of the total evidence dataset (partitions: COI, 16S, 18S, 28S, and 
morphology) of Oligoneuriidae. Values above branches are posterior probabilities. Terminals 





Fig. 5. Time-calibrated (millions of years) phylogeny for Oligoneuriidae resulting of a mixed-
model relaxed uncorrelated lognormal clock analysis of the molecular dataset (partitions: COI, 
16S, 18S, 28S). At each node, the 95% credible interval of divergence estimates (blue node 
bars) and results of biogeographical analyses are given. Coloured circles and pie charts at 
nodes represent geographical distributions, corresponding to Zoogeographical Regions as 
showed in the world map above. Pie charts at nodes represent S-DIVA results (based on IB 
analysis of molecular data): colors correspond to Zoogeographical Regions, except gray for 
compound areas and black for numerous ancestral areas with low probabilities. Letters and 
probabilities at left side of pie charts indicate DEC results. Nodes marked with an asterisk had 
prior ages calibrated using fossils. Geological time scale used follows Walker et al. 2013.   
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 Appendix 1. List of specimens analyzed. Stage acronyms: N, nymph; MI, male imago, FI, female 
imago. For depository acronyms see text.  Determiner acronyms: AW, André Wagner; DMT, 
Daniela Maeda Takiya; DS, Denise Studemann; FCM, Fabiana Criste Massariol; FFS, Frederico 
Falcão Salles; ICG, Inês Corrêa Gonçalves; MS, Michael Sartori; RF, Ralph Flowers; WP, William 
Peters.  
 
TAXA STAGE LOCALITY DEPOSITORY EXAMINATION REMARKS 
Outgroup 
Rhithrogena picteti MI Switzerland: Vaud, Les Monod CZNC Direct FFS det. 
Rhithrogena sp. N Scotland: Craigellachie, Spey River CZNC Direct FCM det. 
Murphyella needhami N Chile: Parque Nacional Alerce 
Andino, Rio Chaicas 
CZNC Direct DMT & ICG det. 
Murphyella needhami MI, FI Chile: Parque Nacional 
Huerquehue, Rio Huerquehue 
DZRJ Direct DMT & ICG det. 
Isonychia georgei N USA: Georgia, Cherokee, Etowah 
River 
FAMU Direct WP det. 
Isonychia sayi MI, FI USA: Florida, Okaloosa, Blackwater 
River 
FAMU Direct RF det. 
Isonychia japonica N Japan: Wakayama Prefecture, Nyu 
River, 
CZNC Direct AW det. 
Ingroup 
Chromarcys magnifica N Thailand: Chiang Mai Province, Mae 
Nam Pai River 
MZL Direct MS det. 
Chromarcys magnifica MI China, Yunnan MNHN Literature (Demoulin, 1967; Kluge, 
2004) 
Colocrus indivicum N, MI Brazil: Ceará, Crato  AMNH Literature (McCafferty, 1990) 
Oligoneuria (Oligoneurioides) amazonica N Brazil: Mato Grosso, Nova 
Xavantina, Córrego Taquaral 
CZNC Direct FCM det. 
Oligoneuria (Oligoneurioides) amazonica MI Brazil: Roraima, Jaci, Módulo CZNC Direct FCM det. 
Oligoneuria (Oligoneurioides) amazonica FI Brazil: Mato Grosso, Pantanal, Rio 
Mortes Araguaia 
CZNC Direct FCM det. 
Oligoneuria (Oligoneurioides) mitra N, MI, FI Brazil: Amazonas, Barcelos, Igarapé 
Jauarí 
CZNC Direct Holotype and paratypes 
Oligoneuria (Yawari) anatina N, MI, FI Brazil: Amapá, Serra do Navio, 
Cachaço River 
CZNC, INPA Direct Holotype and paratypes 
Spaniophlebia kayapo MI, FI Brazil: Mato Grosso, Nova 
Xavantina, Córrego Bacaba 
CZNC Direct Paratypes 
Spaniophlebia sp. N Brazil: Piauí, Rio Parnaíba  CZNC Direct FCM & FFS det.  
Based on morphological 
characters we assume that 
this nymph belongs to the 
genus Spaniophlebia. 
Lachlania alcidesi N, MI, FI Brazil: Espírito Santo, Afonso 
Cláudio, Cachoeira do Funil 
CZNC Direct Holotype and paratypes 
Lachlania aldinae N, FI Brazil: Espírito Santo, Pancas, 
Cachoeira do Gilles 
INPA, MZUSP, 
CZNC 
Direct Holotype and paratypes 
Lachlania saskatchewanensis N, MI USA: Utah, Daggett, Hideout 
Canyon, Green River 
UU Literature (Edmunds et al. 1951; 
Needham & Murphy, 1924) 
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Lachlania sp. N Colombia: Caldas, Manizales, 
Quebrada Romerales 
CZNC Direct Undescribed species 
Fittkauneuria adusta N Brazil: Amazonas, Barcelos, Igarapé 
Jaboti 
CZNC Direct FCM det. 
 
Fittkauneuria carina MI Venezuela: Cerro de la Niblina NMNH Literature (Pescador & Edmunds, 
1994)  
The adults of F. adusta are 
unknown, only generic 
characters were coded. 
Homoeoneuria (Homoeoneuria) watu N, MI, FI Brazil: Minas Gerais, Parque 
Estadual do Rio Doce, Rio Belém 
CZNC Direct Holotype, paratypes 
Homoeoneuria (Homoeoneuria) watu N Brazil: Espírito Santo, Afonso 
Cláudio, Cachoeira do Funil 
CZNC Direct FCM det. 
Homoeoneuria sp. N Argentina: Tucumán, Monteagudo, 
Chico River 
CZNC Direct Undescribed species 
Elassoneuria (Elassoneuria) sp. N Guinea: Koulountou River CZNC Direct FCM det. 
Elassoneuria (Elassoneuria) sp. MI Guinea: Niandan River CZNC Direct FCM det. 
Elassoneuria (Madeconeuria) sp. N Madagascar: Fianarantsoa, Ivato 
River 
DZRJ Direct FCM det. 
Elassoneuria (Madeconeuria) sp. MI, FI Madagascar: Basin Mangoro, 
Mangoro River 
DZRJ Direct FCM det. 
Oligoneuriella rhenana N France: Les Ollieres-sur-Eyrieux, 
Eryieux, La Piempe 
CZNC Direct AW det. 
Oligoneuriella rhenana MI Switzerland: Gurbe, Wattenwill CZNC Direct AW det. 
Oligoneuriella pallida N Hungary: Raba, Savar CZNC Direct AW det. 
Oligoneuriella pallida MI ?  RAS Literature (Kluge, 2004 – genitalia 
codification) 
Oligoneuriella pallida MI ?  ? Literature (Tshernova, 1986 – wings 
codification) 
Oligoneuriella orontoensis N Syria: Homs, Qssair, Orontes ZSM Photographs Holotype 
Oligoneuriopsis skhounate N, MI Spain: Cortes De La Fronteira, 
Guadairo River 
CZNC Direct DS det. 
Oligoneuriopsis skhounate FI Spain: Tajo Basin, Talamanca River ? Literature (Tánago, 1984) 
Oligoneuriopsis lawrencei N South Africa: Eastern Cape, 
Keiskammahoek, Mnyameni River  
CZNC Direct ? 
Oligoneurisca borysthenica N Ukraine: Dnieper River ? Literature  Tshernova, 1937 
Oligoneurisca borysthenica MI Poland: Ostrowski Warta ? Literature Keffermuller, 1964 
Rianilaneuria diminuta MI, FI Madagascar: Rianila Basin, 
Marangolo River, Antanandava 




Appendix 2. Morphological data matrix coded for the phylogenetic analysis of Oligoneuriidae. 
 
 Characters 
                        1111111111   2222222222  3333333333  4444444444  5555555555  6666666666  77777777 
Taxa 123456789   0123456789   0123456789  0123456789  0123456789  0123456789  0123456789  01234567 
Rhithrogena sp. 0010‒0100  ‒01111110‒  10‒01110‒0  0‒00110‒‒1  ‒111110100  ‒0‒11110‒1  0001000111  100‒‒‒0‒    
Murphyella needhami                                                              100‒‒0100  ‒11010100‒  111011011‒  100‒‒‒‒‒‒‒  ‒‒‒0‒1‒110  ‒0011110‒1  0001000111  100‒‒‒01 
Isonychia sp.                                                                     100‒‒0100  ‒01011110‒  10‒01110‒‒  1100111111  0111001000  ‒0011110‒1  0001000111  100‒‒‒00 
Colocrus indivicum                                                               ‒‒‒‒‒‒‒‒‒  ‒‒‒‒‒‒‒‒‒‒  ‒‒‒‒‒‒‒11‒  10‒011‒‒‒1  ‒‒‒‒‒‒‒‒1‒  ‒‒‒1100101  0101100‒‒‒  ‒‒‒‒‒‒‒‒    
Chromarcys magnifica                                                           001110011  11110‒110‒  10‒0110100  1000111011  01110020‒‒  ‒0111010‒1  0001000111  100‒‒‒0‒    
Oligoneuria (Oligoneurioides) amazonica                                                            011110011 1111101110 10‒0110100  1001101001  0111101011  0011011111  1111101110  02100001 
Oligoneuria (Oligoneurioides) mitra                                                                011110011  1111101110  10‒0110100  1001101001  0111101011  0011011111  1111111110  02100001 
Oligoneuria (Yawari) anatina                                                              011110011 1111111111  10‒1110100  1001111001  0111102011  0011011111  1111111110  11100001 
Spaniophlebia sp.                                                                 001110011  1111111111  10‒1110100  1001‒‒10‒1  0110‒1‒011  0011011111  0111111110  00100101    
Lachlania alcidesi                                                               011100011  11110‒1110  10‒0110100  1001111001  0110‒1‒011  0011111111  0111101110  02100100    
Lachlania aldinae                                                                011100011  11110‒1110  10‒0110100  1001111001  0110‒1‒0‒‒  ‒‒‒‒‒‒‒‒‒‒  ‒‒‒‒‒‒‒‒‒‒  ‒‒‒‒‒‒‒0    
Lachlania sp.                                                                     011100011  11110‒0‒10  10‒0110100  1001111011  0110‒1‒0‒‒  ‒‒‒‒‒‒‒‒‒‒  ‒‒‒‒‒‒‒‒‒‒  ‒‒‒‒‒‒‒‒    
Lachlania saskatchewanensis                                                      011‒‒0011  111‒0‒0‒‒‒  10‒0110‒‒0  10011110‒1  0‒‒0‒0‒‒1‒  ‒011111111  0111101110  0210010‒    
Fittkauneuria sp.                                                                 1010‒0010  ‒1110‒100‒  10‒01100‒0  11010‒1111  10‒1001011  1011011111  011100110‒  ‒01‒‒‒0‒    
Homoeoneuria (Homoeoneuria) watu                                                                1010‒1010 ‒10011110‒ 0‒‒10000‒1  11110‒1000  10‒1101000  ‒110‒‒0110  ‒110‒0100‒  ‒011‒001    
Homoeoneuria sp.                                                                 1010‒1010  ‒10011110‒  0‒‒10000‒1  11110‒1000  10‒11010‒‒  ‒‒‒‒‒‒‒‒‒‒  ‒‒‒‒‒‒‒‒‒‒  ‒‒‒‒‒‒‒‒    
Elassoneuria (Madeconeuria) sp. 1010‒0011  01110‒0‒‒‒  10‒0111110  1001111111  0101001101  1010‒‒0111  1011111110  12100001    
Elassoneuria (Elassoneuria) sp.                                                    1010‒0011 011110100‒  10‒0111110  1001101111  0101001111  1010‒‒0111  1011111110  1010110‒ 
Oligoneuriella rhenana                                                           0010‒0011  01110‒100‒  11001100‒0  1001111011  0111001011  1011011110  ‒1111‒1110  1011‒11‒ 
Oligoneuriella pallida                                                           0010‒0011  01110‒100‒  11101100‒0  1001111011  01111010‒1  10‒1011110  ‒111101110  1011‒11‒ 
Oligoneuriella orontoensis                                                       0010‒‒011  011110110‒  11001100‒0  10011110‒1  0111‒010‒‒  ‒‒‒‒‒‒‒‒‒‒  ‒‒‒‒‒‒‒‒‒‒  ‒‒‒‒‒‒‒‒ 
Oligoneuriopsis skhounate                                                         1010‒0011  011110110‒  10‒01100‒0  1001111011  0111101111  1011011110  ‒1111‒1110  1011‒111 
Oligoneurisca borysthenica                                                       1110‒1010  ‒‒0010110‒  0‒‒10000‒1  1101111111  111110100‒  ‒111011110  ‒111101110  10‒‒‒‒0‒    




Appendix 3. Nexus file including concatenated molecular data of four gene partitions (COI, 
16S, 18S, and 28S) used for the phylogenetic analysis of Oligoneuriidae. MrBayes command 





 DIMENSIONS  NTAX=19 NCHAR=2689; 




































































































































































































































































































































































































































































































   CHARSET COI = 1-600; 
   CHARSET 16S = 601-1062; 
   CHARSET 18S = 1063-1647; 
   CHARSET 28S = 1648-2689; 
    
partition TODOS = 4: COI, 16S, 18S, 28S; 
set partition = TODOS; 
 
lset applyto=(1-2) nst=2 rates=invgamma; 
lset applyto=(3) nst=6 rates=propinv; 
lset applyto=(4) nst=6 rates=invgamma;  
 




mcmcp ngen=5000000 samplefreq=500 nchains=4 nruns=4 printfreq=100 savebrlens=yes; 








Appendix 4. Phylogenetic hypothesis from the maximum likelihood analysis (lnL = -15721.49975) 
based on mixed-model total evidence dataset (partitions: COI, 16S, 18S, 28S, and morphology) of 





Appendix 5. Phylogeny for Oligoneuriidae resulting of analysis of combined dataset (partitions: COI, 
16S, 18S, 28S, morphology). Coloured circles and pie charts at nodes represent geographical 
distributions, corresponding to Zoogeographical Regions as showed in the world map above. Pie 
charts at nodes represent S-DIVA results (based on IB analysis of combined data): colors correspond 
to Zoogeographical Regions, except gray for compound areas and black for numerous ancestral areas 
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 Towards a DNA barcode reference library for Oligoneuriidae (Insecta: Ephemeroptera) 
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Accurate identification of specimens is of fundamental importance to the development of most 
researches. The DNA barcode tool has been extensively used for specimen identification of animals, 
plants, and fungi. Therefore, the continuous development of DNA barcode libraries is necessary to 
make this tool increasingly useful. Some efforts have been made towards become the DNA barcode 
library of Ephemeroptera more complete, but until now no representatives of Oligoneuriidae have 
been included. In the present study, a new BOLD project called “DNA Barcoding of Oligoneuriidae” 
(DBO) was created with 97 sequences of 73% the living genera, 20% of the described species plus 9 
morphospecies. Lachlania alcidesi, Lachlania aldinae, Oligoneuria amandae, Oligoneuria anatina, 
Oligoneuria macabaiba, and Oligoneuria mitra were represented by type material. It was not 
detected a global DNA barcode gap for the sampled specimens, however it was possible detected the 
presence of local DNA barcode gap. Additional specimens of H. watu, F. adusta, O. amazonica, and 




During the last years, the DNA barcoding tool – short, standardized gene regions – has been 
extensively used around the world mainly for identification of specimen to species level in different 
groups of animals (e.g. Clare et al. 2007; Huemer et al. 2014; Landi et al. 2014; Chambers & Hebert 
2016), plants (e.g. Kress et al. 2005; Newmaster & Ragupathy 2009) and fungi (e.g. Schoch et al. 
2011).  Such tool is especially helpful for organisms with complicated identification by having 
complex taxonomy, lack of diagnosable parts, and badly preserved bodies. The continuous 
development of DNA barcode libraries for the largest possible number of organisms is necessary and 
essential to make the DNA barcode increasingly useful (deWaard et al. 2010).  
Despite the great utility of DNA barcoding tool, many researches do not present neither clear 
hypothesis nor appropriate methods to test them (Meyer & Paulay 2005; Collins & Cruickshank 
2012). According to Collins & Cruickshank (2012), such misperception may be due the confusion in 
distinguishing the two objectives of DNA barcoding – specimen identification and species discovery. 
For a successful specimen identification, it is necessary to detect a local barcode gap, so an individual 
would be closer to a member of his own species than a different species. For this purpose Collins & 
Cruickshank (2012) suggested a dotplot to test the local barcode gap in which, for each individual 
data point, the maximum intraspecific distance (distance to the furthest conspecific) is plotted 
against the minimum interspecific distance (nearest neighbour). For species discovery, it is usually 
required a distance that match to a universal cut-off value applicable to all species (i.e. a global 
barcode gap) which is often represented by frequency histograms (Collins & Cruickshank 2012; 
Massariol & Cruz 2015). However, many species have recently been discovered with the help of 
softwares in which the thresholds can be optimized for specific data such as ABGD (Puillandre et al. 
2012). 
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 Some efforts have been made towards become the DNA barcode library of Ephemeroptera 
more complete. Ball et al. (2005) have started a barcode reference library for North American 
mayflies and Webb et al. (2012) have continued the work. Thus, a total of 4165 sequences of partial 
cytochrome c oxidase subunit I (COI) gene representing 18 of 42 families known for the order around 
the world were obtained. Besides these larger studies, specific researches for some locations (e.g. 
Kjaerstad et al. 2012; Zhou et al. 2010) or for some taxa (e.g. Stahls & Savolainen 2008; Alexander et 
al. 2009) has been developed. Until now, only two studies investigating the New World genera 
Oligoneuria (Massariol & Cruz 2015) and Lachlania (Massariol et al. 2016) have been done for the 
family. The aim of these works, however, was not to produce a DNA barcode library, but to associate 
life cycle stage and to delimitate species for species descriptions. 
Oligoneuriidae is a small family of Ephemeroptera composed of 68 species with Pantropical 
distribution (Pescador & Peters 2007; Barber-James et al. 2008; Sroka et al. 2015; Massariol et al. 
2016). Their immature stage inhabits a wide variety of aquatic environments with different levels of 
disturbance, thus being able to occupy pristine to altered environments. Therefore, Oligoneuriidae 
species could be used as bioindicator, an approach hampered by their somewhat complex taxonomy 
(nymphs and adults do not show many diagnostic morphological characteristics and most species 
have not been described based on all stages of the life cycle).  
The aim of this study was to take a first step in direction to build a DNA barcode reference 
library for Oligoneuriidae. Furthermore, based on original and publicly available data, it was 
investigated if there are a global and local DNA barcoding gap and were estimated the intraspecific 










Specimens analyzed are deposited in the following institutions: Coleção Zoológica Norte Capixaba 
(CZNC), Brazil; Coleção Entomológica Prof. José Alfredo Pinheiro Dutra (DZRJ), Brazil; and Musée 
Cantonal de Zoologie (MZL), Switzerland. The identification at lower level possible were performed 
by various Ephemeroptera experts. The specimens were collected in eight countries around the 
world: Argentina, Brazil, Colombia, France, Hungary, Madasgacar, South Africa, and Thailand (Fig. 1).  
Furthermore, 31 sequences of Oligoneuriidae from GenBank were included in BOLD to be 
analyzed together with the sequences generate in this study. All species names, GenBank and BOLD 
accession codes, and localities are provided in Table S1 (Supporting information). The sampling 
geographic distribution is given in Figure 1. 
 
DNA isolation, amplification, and sequencing 
 
Total genomic DNA was extracted from one to three legs or the entire specimen using a Wizard® SV 
Genomic DNA Purification System Kit (Promega) following the protocol recommended by the 
company. Partial cytochrome c oxidase subunit I (COI) sequences were amplified using the primers 
LCO-1490 (GGTCAACAAATCATA AAGATATTGG) (Folmer et al. 1994) or C1-J-1718 
(GGAGGATTTGGAAATTGATTAGTTCC) (Simon et al. 1994) and HCO-2198 
(TAAACTTCAGGGTGACCAAAAAATCA) (Folmer et al. 1994). 
Polymerase chain reactions (PCR) were carried out in 25µL final volumes using Platinum® Taq 
DNA Polymerase (Invitrogen) kit and Bovine Serum Albumin (BSA) additive under the following 
conditions: denaturation at 94°C for 5min, 40 cycles of sequence amplification (94°C for 45s, 47°C for 
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 45s, 72°C for 45s), and final extension of 72°C for 5min. PCR products were electrophoresed on 1% 
agarose gels and purified with ExoSAP-IT® for PCR Product Cleanup (Invitrogen) and both DNA 
strands were sequenced on Macrogen (South Korea, Seoul) and “Núcleo de Genética Aplicada à 
Conservação da Biodiversidade” (NGACB) using an automatic sequencer 3500 Genetic Analyzer, 
Applied Biosystems (Brazil, Espírito Santo). Sequences were checked for correct loci amplification and 
taxonomic contamination using Basic Local Alignment Tool (BLAST; Altschul et al., 1990) in GenBank. 
Forward and reverse sequences were used to generate a single consensus sequence using Geneious 




Genetic intra and interspecific distances were calculated based on Kimura 2-parameter (K2P) model 
of evolution (Kimura 1980), using the analytical tools of the BOLD workbench “Distance Summary” 
(parameters - align sequences: MUSCLE aligner; ambiguous base/gap handling: pairwise deletion). 
Global minimum, mean, and maximum divergences at species, genus, and family level were 
calculated. Intra and interspecific distances were calculated for each genus separately. Mean and 
maximum intraspecific divergences, and mean NN (average distance to the most closely related 
species) distance were calculated for each species.  
The presence of global barcode gap, a disjunction between the intraspecific and interspecific 
divergence, was tested by plotting the frequency of intra and interspecific distances in a histogram. 
Furthermore, the presence of local barcode gap was tested by plotting the maximum intraspecific 







“DNA Barcoding of Oligoneuriidae” Library 
 
Overall, 97 DNA barcode sequences of Oligoneuriidae were included at the new BOLD project “DNA 
Barcoding of Oligoneuriidae” (DBO) comprising 8 genera (Chromarcys, Elassoneuria, Fittkauneuria, 
Homoeoneuria, Lachlania, Oligoneuria, Oligoneuriella, and Oligoneuriopsis) and 13 nominal species 
plus 9 morphospecies. It is important to highlight that six nominal species were represented by type 
material: Lachlania aldinae Massariol & Salles; Lachlania alcidesi Massariol & Salles; Oligoneuria 
macabaiba Gonçalves, Da-Silva & Nessimian; Oligoneuria amandae Salles, Soares, Massariol & Faria; 
Oligoneuria anatina Massariol & Cruz; and Oligoneuria mitra Salles, Soares, Massariol & Faria (for 
more details see Supporting Information Table S2 and Appendix S3). Most of the morphospecies are 
undescribed species. 
Barcode Index Numbers (BINs) were provided for 90 sequences, representing 25 BINs. F. 
adusta, H. watu, and Elassoneuria sp.1 were represented by two BINs each, and O. amazonica by 3 
BINs. A complete list of specimens with its respective voucher information, taxonomy, specimen 
details, and collection data is presented in Table S1 and S2 (Supporting information). Fragments of 
COI sequences with more than 600 bp were obtained for 72.2% of specimens (70), 500 to 600 bp for 
6.2% of specimens (6), 400 to 500 bp for 13.4% of specimens (13), and less than 400 bp for 8.2% of 




The general pairwise K2P distances between COI sequences at species, genus and level family are 
given in Table 1. Divergences of each genus and species separately are given in Tables 2, 3 and 4. 
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 Considering all sequences of Oligoneuriidae, the intraspecific distance ranged from 0.00 to 
15.05% (mean 3.33%), the interspecific distance varied from 7.63 to 27.74% (mean = 15.78%), and 
the intergeneric ranged from 12.2 to 33.18% (mean = 19.05%) (Table 1).  
Analyzing the intraspecific divergence for each genus (Table 2) were founded values of 
minimum distance of 0.00% (haplotypes sharing) for Elassoneuria, Fittkauneuria, Homoeoneuria, 
Lachlania, and Oligoneuria, and the higher value of 0.28% for Oligoneuriella. The lower values of 
maximum distance were 1.09 and 1.43% for Lachlania and Oligoneuriella respectively, and the higher 
values were 15.05, 10.5, 9.28, and 7.64 % for Homoeoneuria, Fittkauneuria, Oligoneuria, and 
Elassoneuria respectively. The species that contributes to a such high values were Homoeoneuria 
watu Salles, Francischetti & Soares; Fittkauneuria adusta Pescador & Edmunds; Oligoneuria 
amazonica Demoulin; and Elassoneuria sp.1 (Table 4). It was not possible to calculate intraspecific 
distances for Chromarcys and Oligoneuriopsis because there was only one sequence representing 
each genus. 
 Examining the interspecific distances for each genus (Table 3) were found lower values of 
minimum distances and higher values of maximum divergence of 7.63% and 27.74% respectively for 
Lachlania and 11.77% and 22.95% respectively for Oligoneuria. It was not possible to calculate 
interspecific divergences for Chromacys, Elassoneuria, Fittkauneuria, and Oligoneuriopsis once these 
genera were represented only by one species each. 
 
Does a global and local DNA barcoding gap exist in Oligoneuriidae? 
 
The frequency histogram (Fig. 3) shows and overlapping between intra and interspecific divergence 
values for Oligoneuriidae specimens. Thus, a global barcode gap was not detected for the studied 
family once the DNA barcoding analysis failed in defining a universal cut-off value. 
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  The presence of local barcode gap for all species was demonstrated by the dotplot of mean 
values of intraspecific distances against the nearest neighbour distances (Fig. 4A). However, when 
maximum values of intraspecific distances were used instead of mean values (Fig. 4B, Table 4) all 
species showed a local barcode gap with exception of H. watu. The maximum intraspecific distance 




This study presents the first effort towards a comprehensive DNA barcoding library for the 
family Oligoneuriidae, providing a total of 97 specimens (Fig. 1) and all records corresponding to 
unnamed BINs. Eight (73%) of eleven living genera of the family and 13 species (20%) of 68 described 
species were represented in this research. Among the 13 nominal species included, O. anatina and L. 
aldinae were represented by holotype and paratypes, while O. amandae, O. macabaiba, O. mitra, 
and L. alcidesi were represented by paratypes. Half of the species of the genus Oligoneuria and half 
of the species of Lachlania known from Brazil were represented by type material. The inclusion of 
sequences from type material in libraries of DNA barcoding is of great importance once they 
represent the only unambiguously identified specimens (Webb et al. 2012). Besides that, the fact 
that type material may be damaged or may not cover both sexes or all life cycle stages can be 
overcome, and thus more accurate specimens identification can be reached (Hausmann et al. 2009). 
The maximum intraspecific distances founded for Oligoneuriidae (15.05%) are very high 
compared to the mean values calculated by Webb et al. (2012), in which Behningiidae presented the 
highest value (7.9%). This high value can be attribute to H. watu (15.05%), and also to F. adusta 
(10.5%), O. amazonica (9.28%), Elassoneuria sp.1 (7.64%), species that probably represent species 
complexes. In addition, the species mentioned corresponded to two or more BINs each (Table S1). 
Excluding these four species from the analyses the maximum intraspecific distance decreased from 
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 15.05 to 2.12%. One can consider the possibility that the geographical distance of the samples would 
have influenced the values of intraspecific distances, as stated by Bergsten et al. (2012). However, 
this factor does not seem to have influenced the results, since samples collected in a single locality 
showed a maximum intraspecific distance value of 1.54% (O. mitra), while species collected in two or 
more points presented distance values smaller (1.43% in O. rhenana) or larger (7.64% in Elassoneuria 
sp.1 and 15.05% in H. watu) than this. In addition, for example, specimens of Homoeoneuria sp.1 
were collected in two locations with 450 km (Fig. 2) from each other and had a maximum 
intraspecific distance of 2.12%, while specimens of H. watu collected in two locations with 140 km 
(Fig. 2) from each other had a maximum distance of 15.05%. 
Despite Webb et al. (2012) have found lower mean values of maximum intraspecific 
distances at family level they found high values for around 20% of the species, for example Acentrella 
parvula McDunnough (23.2%), Acerpenna pygmaea Hagen (26.2%), Baetis tricaudatus Dodds 
(22.6%), Caenis amica Hagen (21.9%), Leucrocuta hebe McDunnough (15.6%), Tricorythodes 
explicates Eaton (19.8%), and Leptophlebia cupida Say (14.3%) (for more details see Supporting 
information, Table S1 in Webb et al. 2012). Comparing the distances data of the present work with 
the results of Ball et al. (2005) it can be observed that the value of mean intraspecific divergence for 
Oligoneuriidae was higher (3.3%) than for the order Ephemeroptera (1.1%). And on the contrary, 
Oligoneuriidae showed lower value of mean interspecific distance (15.76%) than for Ephemeroptera 
(18.1%) (Ball et al. 2005).      
 The absence of a global DNA barcode as found here for Oligoneuriidae was expected (Fig. 3), 
once coalescent depths vary among species (Fujita et al. 2012). Thus, the overlap between intra and 
interspecific distances may be the rule rather than exception as demonstrated in many researches 
(e.g. Wiemers & Fiedler 2007; deWaard et al. 2011; Yang et al. 2016). The non-definition of a global 
threshold for reference can be negative to rapid species delimitation, but it does not mean that DNA 
barcode failed in specimen identification (Collins & Cruickshank 2012). For specimen identification of 
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 Oligoneuriidae the DNA barcode showed to be very useful, once it failed for just one species (H. 
watu) (Fig. 4) which might represent a species complex. Ball et al. (2005) detected the non-
overlapping of the intra and interspecific distances distribution on a histogram graph and concluded 
that DNA barcoding may provide a powerful tool for Ephemeroptera species identification. The 
method chosen by Ball et al. (2005), as highlighted by Collins & Cruickshank (2012) for many 
researchs on DNA barcode, allows them to arrive at a cutoff instead of testing the effectiveness of 
DNA barcoding for species identification. 
The results presented indicate that additional specimens of H. watu, F. adusta, O. amazonica, 
and Elassoneuria sp. 1, must be investigated once they might represent species complex. Aspects 
related to morphology, biology, geographical distribution, and even the use of other molecular 
markers must be taken into account to clarify the boundaries of these species. 
The present study took the first step towards a reference DNA Barcode Library for 
Oligoneuriidae and became the library of the order Ephemeroptera more complete. This research is 
of great importance for identification of specimens on biomonitoring assessments and besides that 
assists in understanding the identity of species on taxonomic issues, especially in Oligoneuriidae, in 
which the diagnostic morphological characters are scarce. For this purpose, the DNA Barcode Library 
for Oligoneuriidae needs to be in continuous construction and the addition of type material and non-
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 Table 1. Distance summary of divergences between barcode sequences at species, genus, and family 
level. 
 








Within Species 93 18 317 0 3.33 15.05 0.01 
Within Genus 74 4 614 7.63 15.78 27.74 0.01 
Within Family 97 1 3725 12.2 19.05 33.18 0 
 
 
Table 2. Summary of intraspecific distances within each genus of Oligoneuriidae.  
 








Chromarcys 0 0 0 - - - - 
Elassoneuria 9 1 36 0.00 3.96 7.64 0.09 
Fittkauneuria 12 1 66 0.00 2.70 10.50 0.06 
Homoeoneuria 11 2 27 0.00 3.66 15.05 0.22 
Lachlania 21 8 19 0.00 0.41 1.09 0.02 
Oligoneuria 31 4 153 0.00 4.01 9.28 0.02 
Oligoneuriella 9 2 16 0.28 0.78 1.43 0.02 
Oligoneuriopsis 0 0 0 - - - - 
 
 
Table 3. Summary of interspecific distances within each genus of Oligoneuriidae. 
 








Chromarcys 0 0 0 - - - - 
Elassoneuria 0 0 0 - - - - 
Fittkauneuria 0 0 0 - - - - 
Homoeoneuria 11 1 28 18.12 19.06 20.99 0.03 
Lachlania 21 1 191 7.63 15.28 27.74 0.03 
Oligoneuria 33 1 375 11.77 15.79 22.95 0.01 
Oligoneuriella 9 1 20 13.90 15.87 16.94 0.04 
Oligoneuriopsis 0 0 0 - - - - 
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 Table 4. Summary of intraspecific distances for each species/morphospecies and the name e distance 




(%) Nearest species 
Distance to NN 
(%) 
Mean Max 
Oligoneuria amandae 7 0.95 2.03 Oligoneuria sp. 11.97 
Oligoneuria amazonica 16 4.87 9.28 Oligoneuria amandae 11.97 
Oligoneuria anatina 4 0.72 1.09 Oligoneuria amandae 15.32 
Oligoneuria macabaiba 1 - - Oligoneuria sp. 11.77 
Oligoneuria mitra 4 0.95 1.54 Oligoneuria amazonica 12.67 
Oligoneuria sp. 1 - - Oligoneuria macabaiba 11.77 
Fittkauneuria adusta 12 2.70 10.50 Lachlania L4 15.08 
Homoeoneuria watu 7 4.37 15.05 Lachlania L4 12.20 
Homoeoneuria sp.1 4 1.19 2.12 Lachlania L4 15.46 
Oligoneuriella pallida 4 0.59 1.09 Oligoneuriella rhenana 13.90 
Oligoneuriella rhenana 5 0.90 1.43 Oligoneuriella pallida 13.90 
Elassoneuria sp.1 9 3.96 7.64 Homoeoneuria watu 15.10 
Oligoneuriopsis lawrencei 1 - - Oligoneuriella pallida 14.59 
Chormarcys magnifica 1 - - Lachlania alcidesi 14.99 
Lachlania alcidesi 3 0.46 0.64 Lachlania L4 7.63 
Lachlania aldinae 4 0.00 0.00 Lachlania sp8 10.68 
Lachlania L1 2 0.00 0.00 Lachlania L4 9.72 
Lachlania L2 1 0.99 0.99 Lachlania L4 10.55 
Lachlania L4 3 0.95 1.09 Lachlania alcidesi 7.63 
Lachlania L5 2 0.80 0.80 Lachlania L4 9.46 
Lachlania L6 2 0.86 0.86 Lachlania L4 10.87 








Fig. 2. Map of South America showing political division with distribution of Oligoneuriidae species. 
(A) Circles corresponds to distributions of species of Fittkauneuria and Lachlania: F. adusta - orange; 
L. alcidesi: black; L. aldinae: yellow; Lachlania L1: white; Lachlania L2: red; Lachlania L4: pink; 
Lachlania L5: green; Lachlania L6: dark blue; Lachlania sp.7: light blue. (B) Squares and triangles 
corresponds to distributions of species of Homoeoneuria and Oliogneuria - H. watu: white; 
Homoeoneuria sp.1: pink; O. amandae: red; O. amazonica: blue; O. anatina: yellow; O. macabaiba: 




Fig. 3. Frequency histogram of intraspecific and interspecific pairwise genetic K2P distances of 97 






Fig. 4. Intraspecific K2P genetic distances in relation to Nearest Neighbour distance (NN) for all 
Oligoneuriidae data. (A) Mean intraspecific distance compared to distance to NN; (B) Maximum 
intraspecific distance compared to distance to NN. Points that falls above the 1:1 line indicate the 
presence of a local barcode gap, while points below indicate the absence of local barcode gap.  
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 Supporting Information 
 
Table S1. List of all specimens barcoded with their respective voucher number, Genbank code, BOLD 
code, and locality of sampling site. GenBank code followed by * and ** means that these sequences 
were previously published by Massariol & Cruz 2015 and Massariol et al. 2016 respectively.  
 
 
Species/Morphospecies Voucher number Genbank code BOLD code BIN Locality 
Oligoneuria amandae Ep4003a To be submitted DBO001-16 BOLD:ADE0549 Brazil, Espírito Santo 
Oligoneuria amandae Ep4003b To be submitted DBO002-16 BOLD:ADE0549 Brazil, Espírito Santo 
Oligoneuria amandae Ep4003c To be submitted DBO003-16 BOLD:ADE0549 Brazil, Espírito Santo 
Oligoneuria amandae Ep5665a KT201520* DBO004-16 BOLD:ADE0549 Brazil, Espírito Santo 
Oligoneuria amandae Ep5665b KT201521* DBO005-16 BOLD:ADE0549 Brazil, Espírito Santo 
Oligoneuria amandae Ep5666a KT201522* DBO006-16 BOLD:ADE0549 Brazil, Espírito Santo 
Oligoneuria amandae Ep5682a To be submitted DBO007-16 BOLD:ADE0549 Brazil, Espírito Santo 
Oligoneuria amazonica Ep6054a KT201514* DBO008-16 BOLD:ADE3915 Brazil, Piauí 
Oligoneuria amazonica Ep6054b KT201515* DBO009-16 BOLD:ADE3915 Brazil, Piauí 
Oligoneuria amazonica Ep6054c KT201516* DBO010-16 BOLD:ADE3915 Brazil, Piauí 
Oligoneuria amazonica Ep6054d KT201517* DBO011-16 BOLD:ADE3915 Brazil, Piauí 
Oligoneuria amazonica Ep6053a To be submitted DBO012-16 BOLD:ADE3916 Brazil, Rondônia 
Oligoneuria amazonica Ep6053b To be submitted DBO013-16 BOLD:ADE3916 Brazil, Rondônia 
Oligoneuria amazonica Ep6053c To be submitted DBO014-16 BOLD:ADE3916 Brazil, Rondônia 
Oligoneuria amazonica Ep6053d To be submitted DBO015-16 BOLD:ADE3917 Brazil, Rondônia 
Oligoneuria amazonica Ep6053e To be submitted DBO016-16 BOLD:ADE3916 Brazil, Rondônia 
Oligoneuria amazonica Ep6053f To be submitted DBO017-16 BOLD:ADE3916 Brazil, Rondônia 
Oligoneuria amazonica Ep6056c To be submitted DBO018-16 BOLD:ADE3915 Brazil, Amapá 
Oligoneuria amazonica Ep6744a To be submitted DBO019-16 BOLD:ADE3915 Brazil, Mato Grosso 
Oligoneuria amazonica Ep6744b To be submitted DBO020-16 BOLD:ADE3915 Brazil, Mato Grosso 
Oligoneuria amazonica Ep6744c To be submitted DBO021-16 BOLD:ADE3915 Brazil, Mato Grosso 
Oligoneuria amazonica Ep6744d To be submitted DBO022-16 BOLD:ADE3915 Brazil, Mato Grosso 
Oligoneuria amazonica Ep6744e To be submitted DBO023-16 BOLD:ADE3915 Brazil, Mato Grosso 
Oligoneuria anatina Ep6051a KR052441* DBO024-16 – Brazil, Amapá 
Oligoneuria anatina Ep6057a KR052442* DBO025-16 BOLD:ADE1368 Brazil, Amapá 
Oligoneuria anatina Ep6057b To be submitted DBO026-16 BOLD:ADE1368 Brazil, Amapá 
Oligoneuria anatina Ep6057c KR052443* DBO027-16 BOLD:ADE1368 Brazil, Amapá 
Oligoneuria macabaiba 630PC To be submitted DBO028-16 – Brazil, Rio de Janeiro 
Oligoneuria mitra Ep5710a To be submitted DBO029-16 BOLD:ADE2484 Brazil, Amazonas 
Oligoneuria mitra Ep5712a To be submitted DBO030-16 – Brazil, Amazonas 
Oligoneuria mitra Ep5668b KT201518* DBO031-16 BOLD:ADE2484 Brazil, Amazonas 
Oligoneuria mitra Ep5668c KT201519* DBO032-16 BOLD:ADE2484 Brazil, Amazonas 
Oligoneuria sp. Ep5722a To be submitted DBO035-16 – Brazil, Goiás 
Fittkauneuria adusta Ep6386a To be submitted DBO036-16 BOLD:ADD9124 Brazil, Roraima 
Fittkauneuria adusta Ep6743a To be submitted DBO037-16 BOLD:ADD9124 Brazil, Roraima 
Fittkauneuria adusta Ep6743b To be submitted DBO038-16 BOLD:ADD9124 Brazil, Roraima 
Fittkauneuria adusta Ep6743c To be submitted DBO039-16 BOLD:ADD9124 Brazil, Roraima 
Fittkauneuria adusta Ep6743d To be submitted DBO040-16 BOLD:ADD9124 Brazil, Roraima 
Fittkauneuria adusta Ep6743e To be submitted DBO041-16 BOLD:ADD9124 Brazil, Roraima 
Fittkauneuria adusta Ep6743f To be submitted DBO042-16 BOLD:ADD9124 Brazil, Roraima 
Fittkauneuria adusta Ep6387a To be submitted DBO043-16 BOLD:ADD9124 Brazil, Roraima 
Fittkauneuria adusta Ep6387c To be submitted DBO044-16 BOLD:ADD9124 Brazil, Roraima 
Fittkauneuria adusta Ep6387b KU609048** DBO047-16 BOLD:ADD9124 Brazil, Roraima 
Fittkauneuria adusta Ep5657a To be submitted DBO045-16 BOLD:ADE1792 Brazil, Amazonas 
Fittkauneuria adusta Ep5657b To be submitted DBO046-16 BOLD:ADE1792 Brazil, Amazonas 
Homoeoneuria sp.1 Ep6732a To be submitted DBO048-16 – Argentina, Tucúman 
Homoeoneuria sp.1 Ep6732b To be submitted DBO049-16 – Argentina, Tucúman 
Homoeoneuria sp.1 Ep6733a To be submitted DBO050-16 BOLD:ADE0816 Argentina, Jujuy 
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Homoeoneuria sp.1 Ep6733b To be submitted DBO051-16 BOLD:ADE0816 Argentina, Jujuy 
Homoeoneuria watu Ep5664a To be submitted DBO052-16 BOLD:ADE3074 Brazil, Espírito Santo 
Homoeoneuria watu Ep5664b To be submitted DBO053-16 BOLD:ADE3074 Brazil, Espírito Santo 
Homoeoneuria watu Ep5664c To be submitted DBO054-16 BOLD:ADE3074 Brazil, Espírito Santo 
Homoeoneuria watu Ep5664d To be submitted DBO055-16 BOLD:ADE3074 Brazil, Espírito Santo 
Homoeoneuria watu Ep5664e To be submitted DBO056-16 BOLD:ADE3074 Brazil, Espírito Santo 
Homoeoneuria watu Ep5664f To be submitted DBO057-16 BOLD:ADE3074 Brazil, Espírito Santo 
Homoeoneuria watu Ep5663a To be submitted DBO058-16 BOLD:ADE3075 Brazil, Espírito Santo 
Oligoneuriella pallida Ep6394b To be submitted DBO059-16 BOLD:ADD5960 Hungary, Western Transdanubia 
Oligoneuriella pallida Ep6394c To be submitted DBO060-16 BOLD:ADD5960 Hungary, Western Transdanubia 
Oligoneuriella pallida Ep6394d To be submitted DBO061-16 BOLD:ADD5960 Hungary, Western Transdanubia 
Oligoneuriella pallida Ep6394e KU609047** DBO062-16 BOLD:ADD5960 Hungary, Western Transdanubia 
Oligoneuriella rhenana Ep6391a To be submitted DBO063-16 BOLD:ACB1816 France, Ardeche 
Oligoneuriella rhenana Ep6391b To be submitted DBO064-16 BOLD:ACB1816 France, Ardeche 
Oligoneuriella rhenana Ep6391c To be submitted DBO065-16 BOLD:ACB1816 France, Ardeche 
Oligoneuriella rhenana Ep6392b To be submitted DBO066-16 – France, Drome 
Oligoneuriella rhenana Ep6392c To be submitted DBO067-16 BOLD:ACB1816 France, Drome 
Elassoneuria sp.1 Ep6559a To be submitted DBO068-16 BOLD:ADE1594 Madagascar, Fianarantsoa 
Elassoneuria sp.1 Ep6559b To be submitted DBO069-16 BOLD:ADE1594 Madagascar, Fianarantsoa 
Elassoneuria sp.1 Ep6559c To be submitted DBO070-16 BOLD:ADE1594 Madagascar, Fianarantsoa 
Elassoneuria sp.1 Ep6559d To be submitted DBO071-16 BOLD:ADE1594 Madagascar, Fianarantsoa 
Elassoneuria sp.1 Ep6559e To be submitted DBO072-16 BOLD:ADE1594 Madagascar, Fianarantsoa 
Elassoneuria sp.1 Ep5727a To be submitted DBO073-16 BOLD:ADE1593 Madagascar, Fianarantsoa 
Elassoneuria sp.1 Ep5727b To be submitted DBO074-16 BOLD:ADE1593 Madagascar, Fianarantsoa 
Elassoneuria sp.1 Ep5727c To be submitted DBO075-16 BOLD:ADE1593 Madagascar, Fianarantsoa 
Elassoneuria sp.1 Ep5727d To be submitted DBO076-16 BOLD:ADE1593 Madagascar, Fianarantsoa 
Oligoneuriopsis lawrencei Ep6731a To be submitted DBO077-16 BOLD:ADE0964 South Africa, Eastern Cape 
Chromarcys magnifica Ep6555a To be submitted DBO078-16 BOLD:ADE4327 Thailand, Chiang Mai 
Lachlania alcidesi Ep5632b KU609050** DBO079-16 BOLD:ADD6514 Brazil, Espírito Santo 
Lachlania alcidesi Ep5632c KU609051** DBO080-16 BOLD:ADD6514 Brazil, Espírito Santo 
Lachlania alcidesi Ep1855b KU609049** DBO081-16 BOLD:ADD6514 Brazil, Espírito Santo 
Lachlania aldinae Ep4006a KU609052** DBO082-16 BOLD:ADD4337 Brazil, Espírito Santo 
Lachlania aldinae Ep5628a KU609053** DBO083-16 BOLD:ADD4337 Brazil, Espírito Santo 
Lachlania aldinae Ep5628b KU609054** DBO084-16 BOLD:ADD4337 Brazil, Espírito Santo 
Lachlania aldinae Ep5628c KU609055** DBO085-16 BOLD:ADD4337 Brazil, Espírito Santo 
Lachlania L1 Ep5641a KU609057** DBO086-16 BOLD:ADE3775 Brazil, Bahia 
Lachlania L1 Ep5641b KU609058** DBO087-16 BOLD:ADE3775 Brazil, Bahia 
Lachlania L2 2391b KU609059** DBO088-16 BOLD:ADE1559 Brazil, São Paulo 
Lachlania L2 2391c To be submitted DBO099-16 BOLD:ADE1559 Brazil, São Paulo 
Lachlania L4 Ep5626a KU609061** DBO089-16 BOLD:ADE3254 Brazil, Tocantins 
Lachlania L4 Ep5626b KU609062** DBO090-16 BOLD:ADE3254 Brazil, Tocantins 
Lachlania L4 Ep5626c KU609063** DBO091-16 BOLD:ADE3254 Brazil, Tocantins 
Lachlania L5 Ep5624a KU609064** DBO092-16 BOLD:ADE4606 Brazil, Goiás 
Lachlania L5 Ep5624c KU609065** DBO093-16 BOLD:ADE4606 Brazil, Goiás 
Lachlania L6 Ep5639b KU609067** DBO094-16 BOLD:ADE2436 Brazil, Goiás 
Lachlania L6 Ep5639c KU609068** DBO095-16 BOLD:ADE2436 Brazil, Goiás 
Lachlania sp.7 Ep5630a To be submitted DBO096-16 BOLD:ADE1391 Colombia, Caldas 
Lachlania sp.7 Ep5630b To be submitted DBO097-16 BOLD:ADE1391 Colombia, Caldas 
Lachlania sp.7 Ep5630c To be submitted DBO098-16 BOLD:ADE1391 Colombia, Caldas 
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 Table S2. Specimen detail, collection, and voucher data for all specimens of Oligoneuriidae (XLS). “Lab”, “vouchers”, “Taxonomy”, “Specimen details”, 
and “Collection data” flaps in dark blue, orange, purple, light blue, and green respectively. 
 




Count Image Count 
Barcode 
Compliant Collection Date Identification Life Stage Voucher Type Institution 
DBO DBO001-16 DBO-001 P28 BOLD:ADE0549 Ep4003a 651[0n] 2 1 Yes 06-Feb-2012 Oligoneuria amandae Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO002-16 DBO-002 P28 BOLD:ADE0549 Ep4003b 612[0n] 2 1 Yes 06-Feb-2012 Oligoneuria amandae Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO003-16 DBO-003 P28 BOLD:ADE0549 Ep4003c 651[0n] 2 1 Yes 06-Feb-2012 Oligoneuria amandae Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO004-16 DBO-004  BOLD:ADE0549 Ep5665a 651[0n] 2 1 Yes 04-Feb-2014 Oligoneuria amandae Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO005-16 DBO-005  BOLD:ADE0549 Ep5665b 651[0n] 2 1 Yes 04-Feb-2014 Oligoneuria amandae Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO006-16 DBO-006  BOLD:ADE0549 Ep5666a 651[0n] 2 1 Yes 23-Jan-2012 Oligoneuria amandae Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO007-16 DBO-007  BOLD:ADE0549 Ep5682a 651[0n] 2 2 Yes 23-Jan-2012 Oligoneuria amandae Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO008-16 DBO-008 #01PI BOLD:ADE3915 Ep6054a 578[0n] 2 3 Yes 27-May-2011 Oligoneuria amazonica Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO009-16 DBO-009 #01PI BOLD:ADE3915 Ep6054b 623[0n] 1 2 No 27-May-2011 Oligoneuria amazonica Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO010-16 DBO-010 #01PI BOLD:ADE3915 Ep6054c 623[0n] 1 2 No 27-May-2011 Oligoneuria amazonica Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO011-16 DBO-011 #01PI BOLD:ADE3915 Ep6054d 590[0n] 2 2 Yes 27-May-2011 Oligoneuria amazonica Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO012-16 DBO-012  BOLD:ADE3916 Ep6053a 651[0n] 2 3 Yes 28-May-2013 Oligoneuria amazonica Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO013-16 DBO-013  BOLD:ADE3916 Ep6053b 651[0n] 2 2 Yes 28-May-2013 Oligoneuria amazonica Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO014-16 DBO-014  BOLD:ADE3916 Ep6053c 651[0n] 2 2 Yes 28-May-2013 Oligoneuria amazonica Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO015-16 DBO-015  BOLD:ADE3917 Ep6053d 651[0n] 2 2 Yes 28-May-2013 Oligoneuria amazonica Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO016-16 DBO-016  BOLD:ADE3916 Ep6053e 651[0n] 2 1 Yes 28-May-2013 Oligoneuria amazonica Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO017-16 DBO-017  BOLD:ADE3916 Ep6053f 651[0n] 2 2 Yes 28-May-2013 Oligoneuria amazonica Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO018-16 DBO-018 AP #01 BOLD:ADE3915 Ep6056c 651[0n] 2 1 Yes 02-Aug-2011 Oligoneuria amazonica Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO019-16 DBO-019  BOLD:ADE3915 Ep6744a 651[0n] 2 1 Yes 16-Apr-2016 Oligoneuria amazonica Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO020-16 DBO-020  BOLD:ADE3915 Ep6744b 651[0n] 2 1 Yes 16-Apr-2016 Oligoneuria amazonica Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO021-16 DBO-021  BOLD:ADE3915 Ep6744c 651[0n] 2 1 Yes 16-Apr-2016 Oligoneuria amazonica Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO022-16 DBO-022  BOLD:ADE3915 Ep6744d 651[0n] 2 1 Yes 16-Apr-2016 Oligoneuria amazonica Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO023-16 DBO-023  BOLD:ADE3915 Ep6744e 651[0n] 2 1 Yes 16-Apr-2016 Oligoneuria amazonica Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO024-16 DBO-024   Ep6051a 279[0n] 2 1 No 02-Aug-2011 Oligoneuria anatina Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO025-16 DBO-025  BOLD:ADE1368 Ep6057a 447[0n] 2 1 No 02-Aug-2011 Oligoneuria anatina Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO026-16 DBO-026  BOLD:ADE1368 Ep6057b 648[0n] 2 1 Yes 02-Aug-2011 Oligoneuria anatina Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO027-16 DBO-027  BOLD:ADE1368 Ep6057c 427[0n] 2 2 No 02-Aug-2011 Oligoneuria anatina Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO028-16 DBO-028   630PC 393[0n] 1 1 No 16-Apr-2009 Oligoneuria macabaiba Adult Vouchered: Registered Collection Universidade Federal do Rio de Janeiro 
DBO DBO029-16 DBO-029 PT40311 BOLD:ADE2484 Ep5710a 462[0n] 2 1 No 26-Jul-2009 Oligoneuria mitra Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
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 DBO DBO030-16 DBO-030   Ep5712a 462[0n] 2 1 No 25-Jul-2009 Oligoneuria mitra Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO031-16 DBO-031 PT 803 BOLD:ADE2484 Ep5668b 651[0n] 2 1 Yes 21-Jul-2009 Oligoneuria mitra Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO032-16 DBO-032 PT 803 BOLD:ADE2484 Ep5668c 651[0n] 2 1 Yes 21-Jul-2009 Oligoneuria mitra Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO035-16 DBO-035 GXV C15PP  Ep5722a 302[0n] 2 1 No 22-Feb-2012 Oligoneuria sp. Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO036-16 DBO-036  BOLD:ADD9124 Ep6386a 651[0n] 2 1 Yes 11-Jun-2014 Fittkauneuria adusta Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO037-16 DBO-037 #02 BOLD:ADD9124 Ep6743a 651[0n] 2 1 Yes 27-Jan-2016 Fittkauneuria adusta Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO038-16 DBO-038 #02 BOLD:ADD9124 Ep6743b 651[0n] 2 1 Yes 27-Jan-2016 Fittkauneuria adusta Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO039-16 DBO-039 #02 BOLD:ADD9124 Ep6743c 651[0n] 2 1 Yes 27-Jan-2016 Fittkauneuria adusta Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO040-16 DBO-040 #02 BOLD:ADD9124 Ep6743d 651[0n] 2 1 Yes 27-Jan-2016 Fittkauneuria adusta Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO041-16 DBO-041 #02 BOLD:ADD9124 Ep6743e 651[0n] 2 1 Yes 27-Jan-2016 Fittkauneuria adusta Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO042-16 DBO-042 #02 BOLD:ADD9124 Ep6743f 651[0n] 2 1 Yes 27-Jan-2016 Fittkauneuria adusta Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO043-16 DBO-043  BOLD:ADD9124 Ep6387a 337[0n] 1 1 No 12-Jun-2014 Fittkauneuria adusta Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO044-16 DBO-044  BOLD:ADD9124 Ep6387c 385[0n] 2 1 No 12-Jun-2014 Fittkauneuria adusta Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO045-16 DBO-045  BOLD:ADE1792 Ep5657a 617[0n] 2 1 Yes 04-Aug-2009 Fittkauneuria adusta Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO046-16 DBO-046  BOLD:ADE1792 Ep5657b 651[0n] 2 1 Yes 04-Aug-2009 Fittkauneuria adusta Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO047-16 DBO-047  BOLD:ADD9124 Ep6387b 462[0n] 2 1 No 12-Jun-2014 Fittkauneuria adusta Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO048-16 DBO-048   Ep6732a 480[0n] 2 1 No 02-Oct-2014 Homoeoneuria sp1 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO049-16 DBO-049   Ep6732b 474[0n] 2 1 No 02-Oct-2014 Homoeoneuria sp1 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO050-16 DBO-050  BOLD:ADE0816 Ep6733a 651[0n] 2 1 Yes 17-Nov-2014 Homoeoneuria sp1 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO051-16 DBO-051  BOLD:ADE0816 Ep6733b 651[0n] 2 1 Yes 17-Nov-2014 Homoeoneuria sp1 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO052-16 DBO-052  BOLD:ADE3074 Ep5664a 651[0n] 2 4 Yes 02-Mar-2014 Homoeoneuria watu Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO053-16 DBO-053  BOLD:ADE3074 Ep5664b 651[0n] 2 1 Yes 02-Mar-2014 Homoeoneuria watu Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO054-16 DBO-054  BOLD:ADE3074 Ep5664c 462[0n] 2 1 No 02-Mar-2014 Homoeoneuria watu Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO055-16 DBO-055  BOLD:ADE3074 Ep5664d 651[0n] 2 1 Yes 02-Mar-2014 Homoeoneuria watu Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO056-16 DBO-056  BOLD:ADE3074 Ep5664e 651[0n] 2 1 Yes 02-Mar-2014 Homoeoneuria watu Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO057-16 DBO-057  BOLD:ADE3074 Ep5664f 651[0n] 2 1 Yes 02-Mar-2014 Homoeoneuria watu Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO058-16 DBO-058  BOLD:ADE3075 Ep5663a 651[0n] 2 1 Yes 23-Jan-2014 Homoeoneuria watu Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO059-16 DBO-059 H06.20 BOLD:ADD5960 Ep6394b 359[0n] 2 1 No 27-Jul-2006 Oligoneuriella pallida Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO060-16 DBO-060 H06.20 BOLD:ADD5960 Ep6394c 651[0n] 2 1 Yes 27-Jul-2006 Oligoneuriella pallida Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO061-16 DBO-061 H06.20 BOLD:ADD5960 Ep6394d 651[0n] 2 1 Yes 27-Jul-2006 Oligoneuriella pallida Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO062-16 DBO-062 H06.20 BOLD:ADD5960 Ep6394e 651[0n] 2 1 Yes 27-Jul-2006 Oligoneuriella pallida Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO063-16 DBO-063 FR014.AR.038 BOLD:ACB1816 Ep6391a 465[0n] 2 1 No 30-May-2014 Oligoneuriella rhenana Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO064-16 DBO-064 FR014.AR.038 BOLD:ACB1816 Ep6391b 465[0n] 2 1 No 30-May-2014 Oligoneuriella rhenana Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO065-16 DBO-065 FR014.AR.038 BOLD:ACB1816 Ep6391c 354[0n] 2 1 No 30-May-2014 Oligoneuriella rhenana Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
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 DBO DBO066-16 DBO-066 FR-GA-921  Ep6392b 298[0n] 2 1 No 09-Aug-2009 Oligoneuriella rhenana Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO067-16 DBO-067 FR-GA-921 BOLD:ACB1816 Ep6392c 462[0n] 2 1 No 09-Aug-2009 Oligoneuriella rhenana Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO068-16 DBO-068 MAD2014-007 BOLD:ADE1594 Ep6559a 651[0n] 2 1 Yes 14-Jan-2014 Elassoneuria sp1 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO069-16 DBO-069 MAD2014-007 BOLD:ADE1594 Ep6559b 651[0n] 2 1 Yes 14-Jan-2014 Elassoneuria sp1 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO070-16 DBO-070 MAD2014-007 BOLD:ADE1594 Ep6559c 651[0n] 2 1 Yes 14-Jan-2014 Elassoneuria sp1 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO071-16 DBO-071 MAD2014-007 BOLD:ADE1594 Ep6559d 651[0n] 2 1 Yes 14-Jan-2014 Elassoneuria sp1 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO072-16 DBO-072 MAD2014-007 BOLD:ADE1594 Ep6559e 651[0n] 2 1 Yes 14-Jan-2014 Elassoneuria sp1 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO073-16 DBO-073 MAD2014-009 BOLD:ADE1593 Ep5727a 617[0n] 2 3 Yes 15-Jan-2014 Elassoneuria sp1 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO074-16 DBO-074 MAD2014-009 BOLD:ADE1593 Ep5727b 617[0n] 2 2 Yes 15-Jan-2014 Elassoneuria sp1 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO075-16 DBO-075 MAD2014-009 BOLD:ADE1593 Ep5727c 651[0n] 2 2 Yes 15-Jan-2014 Elassoneuria sp1 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO076-16 DBO-076 MAD2014-009 BOLD:ADE1593 Ep5727d 651[0n] 2 2 Yes 15-Jan-2014 Elassoneuria sp1 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO077-16 DBO-077  BOLD:ADE0964 Ep6731a 651[0n] 2 1 Yes 01-Feb-2013 
Oligoneuriopsis 
lawrencei Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO078-16 DBO-078  BOLD:ADE4327 Ep6555a 651[0n] 2 1 Yes 22-Jan-2006 Chromarcys magnifica Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO079-16 DBO-080  BOLD:ADD6514 Ep5632b 651[0n] 2 1 Yes 02-Mar-2014 Lachlania alcidesi Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO080-16 DBO-081  BOLD:ADD6514 Ep5632c 651[0n] 2 1 Yes 02-Mar-2014 Lachlania alcidesi Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO081-16 DBO-082  BOLD:ADD6514 Ep1855b 471[0n] 2 2 No 27-Mar-2011 Lachlania alcidesi Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO082-16 DBO-083 P40 BOLD:ADD4337 Ep4006a 612[0n] 2 1 Yes 24-May-2012 Lachlania aldinae Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO083-16 DBO-084  BOLD:ADD4337 Ep5628a 651[0n] 2 1 Yes 28-Jan-2014 Lachlania aldinae Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO084-16 DBO-085  BOLD:ADD4337 Ep5628b 651[0n] 1 1 No 28-Jan-2014 Lachlania aldinae Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO085-16 DBO-086  BOLD:ADD4337 Ep5628c 651[0n] 2 1 Yes 28-Jan-2014 Lachlania aldinae Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO086-16 DBO-087 #03 BOLD:ADE3775 Ep5641a 624[0n] 2 1 Yes 26-May-2013 Lachlania L1 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO087-16 DBO-088 #03 BOLD:ADE3775 Ep5641b 607[0n] 2 1 Yes 26-May-2013 Lachlania L1 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO088-16 DBO-089 BOC07 BOLD:ADE1559 2391b 585[0n] 1 1 No 14-Apr-2012 Lachlania L2 Immature Vouchered: Registered Collection Universidade Federal do Rio de Janeiro 
DBO DBO089-16 DBO-090 #2 BOLD:ADE3254 Ep5626a 651[0n] 2 1 Yes 08-May-2013 Lachlania L4 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO090-16 DBO-091 #2 BOLD:ADE3254 Ep5626b 651[0n] 2 1 Yes 08-May-2013 Lachlania L4 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO091-16 DBO-092 #2 BOLD:ADE3254 Ep5626c 627[0n] 2 1 Yes 08-May-2013 Lachlania L4 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO092-16 DBO-093 GXXII L21 BOLD:ADE4606 Ep5624a 429[0n] 2 2 No 23-Feb-2012 Lachlania L5 Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO093-16 DBO-094 GXXII L21 BOLD:ADE4606 Ep5624c 565[0n] 1 2 No 23-Feb-2012 Lachlania L5 Adult Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO094-16 DBO-095 #01 BOLD:ADE2436 Ep5639b 596[0n] 2 1 Yes 24-May-2013 Lachlania L6 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO095-16 DBO-096 #01 BOLD:ADE2436 Ep5639c 606[0n] 2 1 Yes 24-May-2013 Lachlania L6 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO096-16 DBO-097  BOLD:ADE1391 Ep5630a 583[0n] 1 1 No 26-Jan-2011 Lachlania sp7 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO097-16 DBO-098  BOLD:ADE1391 Ep5630b 651[0n] 2 1 Yes 26-Jan-2011 Lachlania sp7 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO098-16 DBO-099  BOLD:ADE1391 Ep5630c 651[0n] 2 2 Yes 26-Jan-2011 Lachlania sp7 Immature Vouchered: Registered Collection Universidade Federal do Espirito Santo 
DBO DBO099-16 DBO-100 BOC07 BOLD:ADE1559 2391c 407[0n] 2 1 No 14-Apr-2012 Lachlania L2 Immature Vouchered: Registered Collection Universidade Federal do Rio de Janeiro 
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DBO-001 P28 Ep4003a Ep4003a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection whole body 
DBO-002 P28 Ep4003b Ep4003b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection whole body 
DBO-003 P28 Ep4003c Ep4003c Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection whole body 
DBO-004  Ep5665a Ep5665a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection whole body 
DBO-005  Ep5665b Ep5665b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection whole body 
DBO-006  Ep5666a Ep5666a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection whole body 
DBO-007  Ep5682a Ep5682a Universidade Federal do Espirito Santo M S Adult Vouchered: Registered Collection legs 
DBO-008 #01PI Ep6054a Ep6054a Universidade Federal do Espirito Santo M S Adult Vouchered: Registered Collection legs 
DBO-009 #01PI Ep6054b Ep6054b Universidade Federal do Espirito Santo M S Adult Vouchered: Registered Collection legs 
DBO-010 #01PI Ep6054c Ep6054c Universidade Federal do Espirito Santo M S Adult Vouchered: Registered Collection legs 
DBO-011 #01PI Ep6054d Ep6054d Universidade Federal do Espirito Santo M S Adult Vouchered: Registered Collection legs 
DBO-012  Ep6053a Ep6053a Universidade Federal do Espirito Santo M S Adult Vouchered: Registered Collection legs and thorax 
DBO-013  Ep6053b Ep6053b Universidade Federal do Espirito Santo M S Adult Vouchered: Registered Collection legs 
DBO-014  Ep6053c Ep6053c Universidade Federal do Espirito Santo M S Adult Vouchered: Registered Collection legs 
DBO-015  Ep6053d Ep6053d Universidade Federal do Espirito Santo M S Adult Vouchered: Registered Collection legs 
DBO-016  Ep6053e Ep6053e Universidade Federal do Espirito Santo M S Adult Vouchered: Registered Collection legs and thorax 
DBO-017  Ep6053f Ep6053f Universidade Federal do Espirito Santo M S Adult Vouchered: Registered Collection legs and thorax 
DBO-018 AP #01 Ep6056c Ep6056c Universidade Federal do Espirito Santo M S Adult Vouchered: Registered Collection legs and thorax 
DBO-019  Ep6744a Ep6744a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-020  Ep6744b Ep6744b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-021  Ep6744c Ep6744c Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-022  Ep6744d Ep6744d Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-023  Ep6744e Ep6744e Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-024  Ep6051a Ep6051a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-025  Ep6057a Ep6057a Universidade Federal do Espirito Santo M S Adult Vouchered: Registered Collection legs 
DBO-026  Ep6057b Ep6057b Universidade Federal do Espirito Santo F S Adult Vouchered: Registered Collection legs 
DBO-027  Ep6057c Ep6057c Universidade Federal do Espirito Santo M S Adult Vouchered: Registered Collection legs 
DBO-028  630PC 630PC Universidade Federal do Rio de Janeiro F S Adult Vouchered: Registered Collection legs 
DBO-029 PT40311 Ep5710a Ep5710a Universidade Federal do Espirito Santo F S Adult Vouchered: Registered Collection thorax 
DBO-030  Ep5712a Ep5712a Universidade Federal do Espirito Santo M S Adult Vouchered: Registered Collection legs 
DBO-031 PT 803 Ep5668b Ep5668b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection whole body 
DBO-032 PT 803 Ep5668c Ep5668c Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection whole body 
DBO-035 GXV C15PP Ep5722a Ep5722a Universidade Federal do Espirito Santo F S Adult Vouchered: Registered Collection legs 
DBO-036  Ep6386a Ep6386a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-037 #02 Ep6743a Ep6743a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
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 DBO-038 #02 Ep6743b Ep6743b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-039 #02 Ep6743c Ep6743c Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-040 #02 Ep6743d Ep6743d Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-041 #02 Ep6743e Ep6743e Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-042 #02 Ep6743f Ep6743f Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-043  Ep6387a Ep6387a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection whole body 
DBO-044  Ep6387c Ep6387c Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-045  Ep5657a Ep5657a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-046  Ep5657b Ep5657b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-047  Ep6387b Ep6387b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-048  Ep6732a Ep6732a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-049  Ep6732b Ep6732b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-050  Ep6733a Ep6733a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-051  Ep6733b Ep6733b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-052  Ep5664a Ep5664a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection whole body 
DBO-053  Ep5664b Ep5664b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection whole body 
DBO-054  Ep5664c Ep5664c Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection whole body 
DBO-055  Ep5664d Ep5664d Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-056  Ep5664e Ep5664e Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-057  Ep5664f Ep5664f Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-058  Ep5663a Ep5663a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection prothorax 
DBO-059 H06.20 Ep6394b Ep6394b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-060 H06.20 Ep6394c Ep6394c Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-061 H06.20 Ep6394d Ep6394d Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-062 H06.20 Ep6394e Ep6394e Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-063 FR014.AR.038 Ep6391a Ep6391a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-064 FR014.AR.038 Ep6391b Ep6391b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-065 FR014.AR.038 Ep6391c Ep6391c Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-066 FR-GA-921 Ep6392b Ep6392b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-067 FR-GA-921 Ep6392c Ep6392c Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-068 MAD2014-007 Ep6559a Ep6559a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-069 MAD2014-007 Ep6559b Ep6559b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection whole body 
DBO-070 MAD2014-007 Ep6559c Ep6559c Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-071 MAD2014-007 Ep6559d Ep6559d Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-072 MAD2014-007 Ep6559e Ep6559e Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-073 MAD2014-009 Ep5727a Ep5727a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
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 DBO-074 MAD2014-009 Ep5727b Ep5727b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-075 MAD2014-009 Ep5727c Ep5727c Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-076 MAD2014-009 Ep5727d Ep5727d Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-077  Ep6731a Ep6731a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-078  Ep6555a Ep6555a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-080  Ep5632b Ep5632b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection whole body 
DBO-081  Ep5632c Ep5632c Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection whole body 
DBO-082  Ep1855b Ep1855b Universidade Federal do Espirito Santo M S Adult Vouchered: Registered Collection legs 
DBO-083 P40 Ep4006a Ep4006a Universidade Federal do Espirito Santo F S Adult Vouchered: Registered Collection legs 
DBO-084  Ep5628a Ep5628a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-085  Ep5628b Ep5628b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-086  Ep5628c Ep5628c Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection whole body 
DBO-087 #03 Ep5641a Ep5641a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-088 #03 Ep5641b Ep5641b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-089 BOC07 2391b 2391b Universidade Federal do Rio de Janeiro  S Immature Vouchered: Registered Collection legs 
DBO-090 #2 Ep5626a Ep5626a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection whole body 
DBO-091 #2 Ep5626b Ep5626b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection whole body 
DBO-092 #2 Ep5626c Ep5626c Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection whole body 
DBO-093 GXXII L21 Ep5624a Ep5624a Universidade Federal do Espirito Santo M S Adult Vouchered: Registered Collection legs 
DBO-094 GXXII L21 Ep5624c Ep5624c Universidade Federal do Espirito Santo M S Adult Vouchered: Registered Collection legs 
DBO-095 #01 Ep5639b Ep5639b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-096 #01 Ep5639c Ep5639c Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-097  Ep5630a Ep5630a Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-098  Ep5630b Ep5630b Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-099  Ep5630c Ep5630c Universidade Federal do Espirito Santo  S Immature Vouchered: Registered Collection legs 
DBO-100 BOC07 2391c 2391c Universidade Federal do Rio de Janeiro   S Immature Vouchered: Registered Collection legs 
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 Sample ID Phylum Class Order Family Subfamily Genus Species Identifier Identifier email Identification method Taxonomy Notes 
DBO-001 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amandae Fabiana C Massariol fcmassariol@gmail.com Morphology Paratype|Oligoneuria (Oligoneurioides) amandae 
DBO-002 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amandae Fabiana C Massariol fcmassariol@gmail.com Morphology Paratype|Oligoneuria (Oligoneurioides) amandae 
DBO-003 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amandae Fabiana C Massariol fcmassariol@gmail.com Morphology Paratype|Oligoneuria (Oligoneurioides) amandae 
DBO-004 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amandae Fabiana C Massariol fcmassariol@gmail.com Morphology Paratype|Oligoneuria (Oligoneurioides) amandae 
DBO-005 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amandae Fabiana C Massariol fcmassariol@gmail.com Morphology Paratype|Oligoneuria (Oligoneurioides) amandae 
DBO-006 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amandae Fabiana C Massariol fcmassariol@gmail.com Morphology Paratype|Oligoneuria (Oligoneurioides) amandae 
DBO-007 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amandae Fabiana C Massariol fcmassariol@gmail.com Morphology Oligoneuria (Oligoneurioides) amandae 
DBO-008 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amazonica Fabiana C Massariol fcmassariol@gmail.com Morphology Oligoneuria (Oligoneurioides) amazonica 
DBO-009 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amazonica Fabiana C Massariol fcmassariol@gmail.com Morphology Oligoneuria (Oligoneurioides) amazonica 
DBO-010 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amazonica Fabiana C Massariol fcmassariol@gmail.com Morphology Oligoneuria (Oligoneurioides) amazonica 
DBO-011 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amazonica Fabiana C Massariol fcmassariol@gmail.com Morphology Oligoneuria (Oligoneurioides) amazonica 
DBO-012 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amazonica Fabiana C Massariol fcmassariol@gmail.com Morphology Oligoneuria (Oligoneurioides) amazonica 
DBO-013 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amazonica Fabiana C Massariol fcmassariol@gmail.com Morphology Oligoneuria (Oligoneurioides) amazonica 
DBO-014 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amazonica Fabiana C Massariol fcmassariol@gmail.com Morphology Oligoneuria (Oligoneurioides) amazonica 
DBO-015 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amazonica Fabiana C Massariol fcmassariol@gmail.com Morphology Oligoneuria (Oligoneurioides) amazonica 
DBO-016 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amazonica Fabiana C Massariol fcmassariol@gmail.com Morphology Oligoneuria (Oligoneurioides) amazonica 
DBO-017 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amazonica Fabiana C Massariol fcmassariol@gmail.com Morphology Oligoneuria (Oligoneurioides) amazonica 
DBO-018 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amazonica Fabiana C Massariol fcmassariol@gmail.com Morphology Oligoneuria (Oligoneurioides) amazonica 
DBO-019 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amazonica Fabiana C Massariol fcmassariol@gmail.com Morphology Oligoneuria (Oligoneurioides) amazonica 
DBO-020 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amazonica Fabiana C Massariol fcmassariol@gmail.com Morphology Oligoneuria (Oligoneurioides) amazonica 
DBO-021 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amazonica Fabiana C Massariol fcmassariol@gmail.com Morphology Oligoneuria (Oligoneurioides) amazonica 
DBO-022 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amazonica Fabiana C Massariol fcmassariol@gmail.com Morphology Oligoneuria (Oligoneurioides) amazonica 
DBO-023 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria amazonica Fabiana C Massariol fcmassariol@gmail.com Morphology Oligoneuria (Oligoneurioides) amazonica 
DBO-024 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria anatina Fabiana C Massariol fcmassariol@gmail.com Morphology Paratype|Oligoneuria (Yawari) anatina 
DBO-025 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria anatina Fabiana C Massariol fcmassariol@gmail.com Morphology Paratype|Oligoneuria (Yawari) anatina 
DBO-026 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria anatina Fabiana C Massariol fcmassariol@gmail.com Morphology Paratype|Oligoneuria (Yawari) anatina 
DBO-027 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria anatina Fabiana C Massariol fcmassariol@gmail.com Morphology Holotype|Oligoneuria (Yawari) anatina 
DBO-028 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria macabaiba I. C. Goncalves inescg.bio@gmail.com Morphology Paratype|Oligoneuria (Oligoneurioides) macabaiba 
DBO-029 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria mitra F. F. Salles ffsalles@gmail.com Morphology Paratype|Oligoneuria (Oligoneurioides) mitra 
DBO-030 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria mitra F. F. Salles ffsalles@gmail.com Morphology Paratype|Oligoneuria (Oligoneurioides) mitra 
DBO-031 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria mitra F. F. Salles ffsalles@gmail.com Morphology Paratype|Oligoneuria (Oligoneurioides) mitra 
DBO-032 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria mitra F. F. Salles ffsalles@gmail.com Morphology Paratype|Oligoneuria (Oligoneurioides) mitra 
DBO-035 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuria Oligoneuria sp. Fabiana C Massariol fcmassariol@gmail.com Morphology  
DBO-036 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Fittkauneuria Fittkauneuria adusta Fabiana C Massariol fcmassariol@gmail.com Morphology  
DBO-037 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Fittkauneuria Fittkauneuria adusta Fabiana C Massariol fcmassariol@gmail.com Morphology  
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 DBO-038 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Fittkauneuria Fittkauneuria adusta Fabiana C Massariol fcmassariol@gmail.com Morphology  
DBO-039 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Fittkauneuria Fittkauneuria adusta Fabiana C Massariol fcmassariol@gmail.com Morphology  
DBO-040 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Fittkauneuria Fittkauneuria adusta Fabiana C Massariol fcmassariol@gmail.com Morphology  
DBO-041 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Fittkauneuria Fittkauneuria adusta Fabiana C Massariol fcmassariol@gmail.com Morphology  
DBO-042 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Fittkauneuria Fittkauneuria adusta Fabiana C Massariol fcmassariol@gmail.com Morphology  
DBO-043 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Fittkauneuria Fittkauneuria adusta Fabiana C Massariol fcmassariol@gmail.com Morphology  
DBO-044 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Fittkauneuria Fittkauneuria adusta Fabiana C Massariol fcmassariol@gmail.com Morphology  
DBO-045 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Fittkauneuria Fittkauneuria adusta Fabiana C Massariol fcmassariol@gmail.com Morphology  
DBO-046 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Fittkauneuria Fittkauneuria adusta Fabiana C Massariol fcmassariol@gmail.com Morphology  
DBO-047 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Fittkauneuria Fittkauneuria adusta Fabiana C Massariol fcmassariol@gmail.com Morphology  
DBO-048 Arthropoda Insecta Ephemeroptera Oligoneuriidae Homoeoneuriinae Homoeoneuria Homoeoneuria sp1 C. Molineri carlosmolineri@gmail.com Morphology  
DBO-049 Arthropoda Insecta Ephemeroptera Oligoneuriidae Homoeoneuriinae Homoeoneuria Homoeoneuria sp1 C. Molineri carlosmolineri@gmail.com Morphology  
DBO-050 Arthropoda Insecta Ephemeroptera Oligoneuriidae Homoeoneuriinae Homoeoneuria Homoeoneuria sp1 C. Molineri carlosmolineri@gmail.com Morphology  
DBO-051 Arthropoda Insecta Ephemeroptera Oligoneuriidae Homoeoneuriinae Homoeoneuria Homoeoneuria sp1 C. Molineri carlosmolineri@gmail.com Morphology  
DBO-052 Arthropoda Insecta Ephemeroptera Oligoneuriidae Homoeoneuriinae Homoeoneuria Homoeoneuria watu Fabiana C Massariol fcmassariol@gmail.com Morphology Homoeoneuria (Homoeoneuria) watu 
DBO-053 Arthropoda Insecta Ephemeroptera Oligoneuriidae Homoeoneuriinae Homoeoneuria Homoeoneuria watu Fabiana C Massariol fcmassariol@gmail.com Morphology Homoeoneuria (Homoeoneuria) watu 
DBO-054 Arthropoda Insecta Ephemeroptera Oligoneuriidae Homoeoneuriinae Homoeoneuria Homoeoneuria watu Fabiana C Massariol fcmassariol@gmail.com Morphology Homoeoneuria (Homoeoneuria) watu 
DBO-055 Arthropoda Insecta Ephemeroptera Oligoneuriidae Homoeoneuriinae Homoeoneuria Homoeoneuria watu Fabiana C Massariol fcmassariol@gmail.com Morphology Homoeoneuria (Homoeoneuria) watu 
DBO-056 Arthropoda Insecta Ephemeroptera Oligoneuriidae Homoeoneuriinae Homoeoneuria Homoeoneuria watu Fabiana C Massariol fcmassariol@gmail.com Morphology Homoeoneuria (Homoeoneuria) watu 
DBO-057 Arthropoda Insecta Ephemeroptera Oligoneuriidae Homoeoneuriinae Homoeoneuria Homoeoneuria watu Fabiana C Massariol fcmassariol@gmail.com Morphology Homoeoneuria (Homoeoneuria) watu 
DBO-058 Arthropoda Insecta Ephemeroptera Oligoneuriidae Homoeoneuriinae Homoeoneuria Homoeoneuria watu Fabiana C Massariol fcmassariol@gmail.com Morphology Homoeoneuria (Homoeoneuria) watu 
DBO-059 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuriella Oligoneuriella pallida A. Wagner andrewagner@romandie.com Morphology  
DBO-060 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuriella Oligoneuriella pallida A. Wagner andrewagner@romandie.com Morphology  
DBO-061 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuriella Oligoneuriella pallida A. Wagner andrewagner@romandie.com Morphology  
DBO-062 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuriella Oligoneuriella pallida A. Wagner andrewagner@romandie.com Morphology  
DBO-063 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuriella Oligoneuriella rhenana A. Wagner andrewagner@romandie.com Morphology  
DBO-064 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuriella Oligoneuriella rhenana A. Wagner andrewagner@romandie.com Morphology  
DBO-065 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuriella Oligoneuriella rhenana A. Wagner andrewagner@romandie.com Morphology  
DBO-066 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuriella Oligoneuriella rhenana A. Wagner andrewagner@romandie.com Morphology  
DBO-067 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuriella Oligoneuriella rhenana A. Wagner andrewagner@romandie.com Morphology  
DBO-068 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Elassoneuria Elassoneuria sp1 Fabiana C Massariol fcmassariol@gmail.com Morphology Elassoneuria (Madeconeuria) sp1 
DBO-069 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Elassoneuria Elassoneuria sp1 Fabiana C Massariol fcmassariol@gmail.com Morphology Elassoneuria (Madeconeuria) sp1 
DBO-070 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Elassoneuria Elassoneuria sp1 Fabiana C Massariol fcmassariol@gmail.com Morphology Elassoneuria (Madeconeuria) sp1 
DBO-071 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Elassoneuria Elassoneuria sp1 Fabiana C Massariol fcmassariol@gmail.com Morphology Elassoneuria (Madeconeuria) sp1 
DBO-072 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Elassoneuria Elassoneuria sp1 Fabiana C Massariol fcmassariol@gmail.com Morphology Elassoneuria (Madeconeuria) sp1 
DBO-073 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Elassoneuria Elassoneuria sp1 Fabiana C Massariol fcmassariol@gmail.com Morphology Elassoneuria (Madeconeuria) sp1 
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 DBO-074 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Elassoneuria Elassoneuria sp1 Fabiana C Massariol fcmassariol@gmail.com Morphology Elassoneuria (Madeconeuria) sp1 
DBO-075 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Elassoneuria Elassoneuria sp1 Fabiana C Massariol fcmassariol@gmail.com Morphology Elassoneuria (Madeconeuria) sp1 
DBO-076 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Elassoneuria Elassoneuria sp1 Fabiana C Massariol fcmassariol@gmail.com Morphology Elassoneuria (Madeconeuria) sp1 
DBO-077 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Oligoneuriopsis Oligoneuriopsis lawrencei    
DBO-078 Arthropoda Insecta Ephemeroptera Oligoneuriidae Chromarcyinae Chromarcys Chromarcys magnifica M. Sartori michel.sartori@vd.ch Morphology  
DBO-080 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania alcidesi Fabiana C Massariol fcmassariol@gmail.com NJ analysis and morphology Paratype 
DBO-081 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania alcidesi Fabiana C Massariol fcmassariol@gmail.com NJ analysis and morphology Paratype 
DBO-082 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania alcidesi Fabiana C Massariol fcmassariol@gmail.com NJ analysis and morphology Paratype 
DBO-083 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania aldinae Fabiana C Massariol fcmassariol@gmail.com NJ analysis and morphology Holotype 
DBO-084 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania aldinae Fabiana C Massariol fcmassariol@gmail.com NJ analysis and morphology Paratype 
DBO-085 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania aldinae Fabiana C Massariol fcmassariol@gmail.com NJ analysis and morphology Paratype 
DBO-086 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania aldinae Fabiana C Massariol fcmassariol@gmail.com NJ analysis and morphology Paratype 
DBO-087 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania L1 Fabiana C Massariol fcmassariol@gmail.com NJ analysis  
DBO-088 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania L1 Fabiana C Massariol fcmassariol@gmail.com NJ analysis  
DBO-089 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania L2 Fabiana C Massariol fcmassariol@gmail.com NJ analysis  
DBO-090 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania L4 Fabiana C Massariol fcmassariol@gmail.com NJ analysis  
DBO-091 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania L4 Fabiana C Massariol fcmassariol@gmail.com NJ analysis  
DBO-092 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania L4 Fabiana C Massariol fcmassariol@gmail.com NJ analysis  
DBO-093 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania L5 Fabiana C Massariol fcmassariol@gmail.com NJ analysis  
DBO-094 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania L5 Fabiana C Massariol fcmassariol@gmail.com NJ analysis  
DBO-095 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania L6 Fabiana C Massariol fcmassariol@gmail.com NJ analysis  
DBO-096 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania L6 Fabiana C Massariol fcmassariol@gmail.com NJ analysis  
DBO-097 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania sp7 Fabiana C Massariol fcmassariol@gmail.com Morphology  
DBO-098 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania sp7 Fabiana C Massariol fcmassariol@gmail.com Morphology  
DBO-099 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania sp7 Fabiana C Massariol fcmassariol@gmail.com Morphology  
DBO-100 Arthropoda Insecta Ephemeroptera Oligoneuriidae Oligoneuriinae Lachlania Lachlania L2 Fabiana C Massariol fcmassariol@gmail.com Morphology  
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 Sample ID Collectors Collection Date Country/Ocean State/Province Region Sector Exact Site Lat Lon Elev 
DBO-001 Massariol FC, Rozario EM 06-Feb-2012 Brazil Espirito Santo Sao Gabriel da Palha Parque da Ilha Rio Sao Jose -19.0481 -40.5933 108 
DBO-002 Massariol FC, Rozario EM 06-Feb-2012 Brazil Espirito Santo Sao Gabriel da Palha Parque da Ilha Rio Sao Jose -19.0481 -40.5933 108 
DBO-003 Massariol FC, Rozario EM 06-Feb-2012 Brazil Espirito Santo Sao Gabriel da Palha Parque da Ilha Rio Sao Jose -19.0481 -40.5933 108 
DBO-004 Massariol FC, Rozario EM 04-Feb-2014 Brazil Espirito Santo Sao Gabriel da Palha Parque da Ilha Rio Sao Jose -19.0481 -40.5933 108 
DBO-005 Massariol FC, Rozario EM 04-Feb-2014 Brazil Espirito Santo Sao Gabriel da Palha Parque da Ilha Rio Sao Jose -19.0481 -40.5933 108 
DBO-006 Massariol FC, Raimundi EA, Rizzi EA 23-Jan-2012 Brazil Espirito Santo Sooretama  Rio Sao Jose -19.1259 -40.2406 24 
DBO-007 Massariol FC, Raimundi EA, Rizzi EA 23-Jan-2012 Brazil Espirito Santo Sooretama  Rio Sao Jose -19.1259 -40.2406 24 
DBO-008 Cruz PV 27-May-2011 Brazil Piaui Barras Rio Longa  -4.0071 -42.2461 78 
DBO-009 Cruz PV 27-May-2011 Brazil Piaui Barras Rio Longa  -4.0071 -42.2461 78 
DBO-010 Cruz PV 27-May-2011 Brazil Piaui Barras Rio Longa  -4.0071 -42.2461 78 
DBO-011 Cruz PV 27-May-2011 Brazil Piaui Barras Rio Longa  -4.0071 -42.2461 78 
DBO-012 Cruz PV 28-May-2013 Brazil Rondonia Jaci Parana   -9.2641 -64.4012 70 
DBO-013 Cruz PV 28-May-2013 Brazil Rondonia Jaci Parana   -9.2641 -64.4012 70 
DBO-014 Cruz PV 28-May-2013 Brazil Rondonia Jaci Parana   -9.2641 -64.4012 70 
DBO-015 Cruz PV 28-May-2013 Brazil Rondonia Jaci Parana   -9.2641 -64.4012 70 
DBO-016 Cruz PV 28-May-2013 Brazil Rondonia Jaci Parana   -9.2641 -64.4012 70 
DBO-017 Cruz PV 28-May-2013 Brazil Rondonia Jaci Parana   -9.2641 -64.4012 70 
DBO-018 Cruz PV 02-Aug-2011 Brazil Amapa Serra do Navio Rio Cachaco Cachoeira do Fernando 0.8886 -52.023 61 
DBO-019 Salles FF 16-Apr-2016 Brazil Mato Grosso Nova Xavantina Rio Pindaiba  -14.4081 -51.7078 240 
DBO-020 Salles FF 16-Apr-2016 Brazil Mato Grosso Nova Xavantina Rio Pindaiba  -14.4081 -51.7078 240 
DBO-021 Salles FF 16-Apr-2016 Brazil Mato Grosso Nova Xavantina Rio Pindaiba  -14.4081 -51.7078 240 
DBO-022 Salles FF 16-Apr-2016 Brazil Mato Grosso Nova Xavantina Rio Pindaiba  -14.4081 -51.7078 240 
DBO-023 Salles FF 16-Apr-2016 Brazil Mato Grosso Nova Xavantina Rio Pindaiba  -14.4081 -51.7078 240 
DBO-024 Cruz PV 02-Aug-2011 Brazil Amapa Serra do Navio Rio Cachaco Cachoeira do Fernando 0.8886 -52.023 61 
DBO-025 Cruz PV 02-Aug-2011 Brazil Amapa Serra do Navio Rio Cachaco Cachoeira do Fernando 0.8886 -52.023 61 
DBO-026 Cruz PV 02-Aug-2011 Brazil Amapa Serra do Navio Rio Cachaco Cachoeira do Fernando 0.8886 -52.023 61 
DBO-027 Cruz PV 02-Aug-2011 Brazil Amapa Serra do Navio Rio Cachaco Cachoeira do Fernando 0.8886 -52.023 61 
DBO-028 Goncalves IC, Jardim GA, Santos APM, Alecrim VP, Ferreira-Jr N 16-Apr-2009 Brazil Rio de Janeiro Macae Rio Macae  -22.2953 -41.88 7 
DBO-029 Salles FF 26-Jul-2009 Brazil Amazonas Barcelos Serra do Araca Comunidade Ukukki 0.8001 -63.4897 43 
DBO-030 Salles FF 25-Jul-2009 Brazil Amazonas Barcelos Serra do Araca Comunidade Ukukki 0.8001 -63.4897 43 
DBO-031 Salles FF 21-Jul-2009 Brazil Amazonas Barcelos Serra do Araca Comunidade Ukukki 0.8001 -63.4897 43 
DBO-032 Salles FF 21-Jul-2009 Brazil Amazonas Barcelos Serra do Araca Comunidade Ukukki 0.8001 -63.4897 43 
DBO-035 Raimundi EA, Santos A, Sgarbi LF 22-Feb-2012 Brazil Goias Portelandia   -17.097 -52.6375 522 
DBO-036 Boldrini R 11-Jun-2014 Brazil Roraima Paracaima Igarape Miangui  4.2018 -60.8611 186 
DBO-037 Nascimento JMC 27-Jan-2016 Brazil Roraima Serra da Mocidade Acampamento base II  1.7063 -61.7856 996 
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 DBO-038 Nascimento JMC 27-Jan-2016 Brazil Roraima Serra da Mocidade Acampamento base II  1.7063 -61.7856 996 
DBO-039 Nascimento JMC 27-Jan-2016 Brazil Roraima Serra da Mocidade Acampamento base II  1.7063 -61.7856 996 
DBO-040 Nascimento JMC 27-Jan-2016 Brazil Roraima Serra da Mocidade Acampamento base II  1.7063 -61.7856 996 
DBO-041 Nascimento JMC 27-Jan-2016 Brazil Roraima Serra da Mocidade Acampamento base II  1.7063 -61.7856 996 
DBO-042 Nascimento JMC 27-Jan-2016 Brazil Roraima Serra da Mocidade Acampamento base II  1.7063 -61.7856 996 
DBO-043 Boldrini R 12-Jun-2014 Brazil Roraima Paracaima Igarape Miangui  4.2018 -60.8611 186 
DBO-044 Boldrini R 12-Jun-2014 Brazil Roraima Paracaima Igarape Miangui  4.2018 -60.8611 186 
DBO-045 Salles FF 04-Aug-2009 Brazil Amazonas Barcelos Acampamento base Igarape Jaboti 0.8799 -63.4742 125 
DBO-046 Salles FF 04-Aug-2009 Brazil Amazonas Barcelos Acampamento base Igarape Jaboti 0.8799 -63.4742 125 
DBO-047 Boldrini R 12-Jun-2014 Brazil Roraima Paracaima Igarape Miangui  4.2018 -60.8611 186 
DBO-048 Dominguez E, Molineri C, Nieto C 02-Oct-2014 Argentina Tucuman Monteagudo Rio Chico  -27.5214 -65.2667 302 
DBO-049 Dominguez E, Molineri C, Nieto C 02-Oct-2014 Argentina Tucuman Monteagudo Rio Chico  -27.5214 -65.2667 302 
DBO-050 Dominguez E, Molineri C 17-Nov-2014 Argentina Jujuy Caimancito Rio San Francisco  -23.7117 -64.5344 360 
DBO-051 Dominguez E, Molineri C 17-Nov-2014 Argentina Jujuy Caimancito Rio San Francisco  -23.7117 -64.5344 360 
DBO-052 Massariol FC, Goncalves MC 02-Mar-2014 Brazil Espirito Santo Afonso Claudio Santa Luzia, Rio do Peixe Cachoeira do Funil -20.1431 -41.1506 446 
DBO-053 Massariol FC, Goncalves MC 02-Mar-2014 Brazil Espirito Santo Afonso Claudio Santa Luzia, Rio do Peixe Cachoeira do Funil -20.1431 -41.1506 446 
DBO-054 Massariol FC, Goncalves MC 02-Mar-2014 Brazil Espirito Santo Afonso Claudio Santa Luzia, Rio do Peixe Cachoeira do Funil -20.1431 -41.1506 446 
DBO-055 Massariol FC, Goncalves MC 02-Mar-2014 Brazil Espirito Santo Afonso Claudio Santa Luzia, Rio do Peixe Cachoeira do Funil -20.1431 -41.1506 446 
DBO-056 Massariol FC, Goncalves MC 02-Mar-2014 Brazil Espirito Santo Afonso Claudio Santa Luzia, Rio do Peixe Cachoeira do Funil -20.1431 -41.1506 446 
DBO-057 Massariol FC, Goncalves MC 02-Mar-2014 Brazil Espirito Santo Afonso Claudio Santa Luzia, Rio do Peixe Cachoeira do Funil -20.1431 -41.1506 446 
DBO-058 Massariol FC, Raimundi EA, Rizzi EA 23-Jan-2014 Brazil Espirito Santo Sooretama Rio Sao Jose  -19.1259 -40.2406 24 
DBO-059 Wagner A 27-Jul-2006 Hungary  Western Transdanubia, Sarvar Raba River  47.235 16.955 159 
DBO-060 Wagner A 27-Jul-2006 Hungary  Western Transdanubia, Sarvar Raba River  47.235 16.955 159 
DBO-061 Wagner A 27-Jul-2006 Hungary  Western Transdanubia, Sarvar Raba River  47.235 16.955 159 
DBO-062 Wagner A 27-Jul-2006 Hungary  Western Transdanubia, Sarvar Raba River  47.235 16.955 159 
DBO-063 Wagner A 30-May-2014 France  Ardeche, Les Ollieres-Sur-Eyrieux Eyrieux River La Pimpie 44.8168 4.64389 156 
DBO-064 Wagner A 30-May-2014 France  Ardeche, Les Ollieres-Sur-Eyrieux Eyrieux River La Pimpie 44.8168 4.64389 156 
DBO-065 Wagner A 30-May-2014 France  Ardeche, Les Ollieres-Sur-Eyrieux Eyrieux River La Pimpie 44.8168 4.64389 156 
DBO-066 Wagner A 09-Aug-2009 France  Drome, Crest Drome River Quai Souleyran 44.8942 4.6026 568 
DBO-067 Wagner A 09-Aug-2009 France  Drome, Crest Drome River Quai Souleyran 44.8942 4.6026 568 
DBO-068 Takyia D 14-Jan-2014 Madagascar Fianarantsoa Ranomafana National Park  small stream across trail to Valohoaka, 1.5km from ValBio Centre -21.267 47.417 1000 
DBO-069 Takyia D 14-Jan-2014 Madagascar Fianarantsoa Ranomafana National Park  small stream across trail to Valohoaka, 1.5km from ValBio Centre -21.267 47.417 1000 
DBO-070 Takyia D 14-Jan-2014 Madagascar Fianarantsoa Ranomafana National Park  small stream across trail to Valohoaka, 1.5km from ValBio Centre -21.267 47.417 1000 
DBO-071 Takyia D 14-Jan-2014 Madagascar Fianarantsoa Ranomafana National Park  small stream across trail to Valohoaka, 1.5km from ValBio Centre -21.267 47.417 1000 
DBO-072 Takyia D 14-Jan-2014 Madagascar Fianarantsoa Ranomafana National Park  small stream across trail to Valohoaka, 1.5km from ValBio Centre -21.267 47.417 1000 
DBO-073 Takyia D 15-Jan-2014 Madagascar Fianarantsoa Ranomafana National Park Ivato River Camp Ivato -21.2889 47.4293 1044 
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 DBO-074 Takyia D 15-Jan-2014 Madagascar Fianarantsoa Ranomafana National Park Ivato River Camp Ivato -21.2889 47.4293 1044 
DBO-075 Takyia D 15-Jan-2014 Madagascar Fianarantsoa Ranomafana National Park Ivato River Camp Ivato -21.2889 47.4293 1044 
DBO-076 Takyia D 15-Jan-2014 Madagascar Fianarantsoa Ranomafana National Park Ivato River Camp Ivato -21.2889 47.4293 1044 
DBO-077 Bellingan T 01-Feb-2013 South Africa Eastern Cape Keiskammahoek Mnyameni River  -32.6129 22.0737 640 
DBO-078 Elouard JM 22-Jan-2006 Thailand Chiang Mai  Pai  Mae Nam Pai river  19.1772 98.6897 770 
DBO-080 Massariol FC, Goncalves MC 02-Mar-2014 Brazil Espirito Santo Afonso Claudio Santa Luzia, Rio do Peixe Cachoeira do Funil -20.1431 -41.1506 446 
DBO-081 Massariol FC, Goncalves MC 02-Mar-2014 Brazil Espirito Santo Afonso Claudio Santa Luzia, Rio do Peixe Cachoeira do Funil -20.1431 -41.1506 446 
DBO-082 Massariol FC, Raimundi EA, Bertazo K, Britto PVA 27-Mar-2011 Brazil Espirito Santo Afonso Claudio Santa Luzia, Rio do Peixe Cachoeira do Funil -20.1431 -41.1506 446 
DBO-083 Massariol FC, Rozario EM, Goncalves MC 24-May-2012 Brazil Espirito Santo Pancas Vila Verde, Rio Sumidouro do Pancas Cachoeira do Gilles -19.0507 -40.8744 95 
DBO-084 Massariol FC, Rizzi EA 28-Jan-2014 Brazil Espirito Santo Pancas Vila Verde, Rio Sumidouro do Pancas Cachoeira do Gilles -19.0507 -40.8744 95 
DBO-085 Massariol FC, Rizzi EA 28-Jan-2014 Brazil Espirito Santo Pancas Vila Verde, Rio Sumidouro do Pancas Cachoeira do Gilles -19.0507 -40.8744 95 
DBO-086 Massariol FC, Rizzi EA 28-Jan-2014 Brazil Espirito Santo Pancas Vila Verde, Rio Sumidouro do Pancas Cachoeira do Gilles -19.0507 -40.8744 95 
DBO-087 Nascimento JMC 26-May-2013 Brazil Bahia Correntina Rio Arrojado  -13.5489 -44.7757 593 
DBO-088 Nascimento JMC 26-May-2013 Brazil Bahia Correntina Rio Arrojado  -13.5489 -44.7757 593 
DBO-089 Souto PM 14-Apr-2012 Brazil Sao Paulo Sao Jose do Barreiro Parque Nacional Serra da Bocaina Ribeirao da Prata -22.7802 -44.6111 1250 
DBO-090 Pes AMO, Reis DF 08-May-2013 Brazil Tocantins Lajeado do Tocantins Rio Tocantins Jusante UHE Lajeado -9.7492 -48.3611 185 
DBO-091 Pes AMO, Reis DF 08-May-2013 Brazil Tocantins Lajeado do Tocantins Rio Tocantins Jusante UHE Lajeado -9.7492 -48.3611 185 
DBO-092 Pes AMO, Reis DF 08-May-2013 Brazil Tocantins Lajeado do Tocantins Rio Tocantins Jusante UHE Lajeado -9.7492 -48.3611 185 
DBO-093 Raimundi EA 23-Feb-2012 Brazil Goias Mineiros   -17.4666 -52.4608 735 
DBO-094 Raimundi EA 23-Feb-2012 Brazil Goias Mineiros   -17.4666 -52.4608 735 
DBO-095 Nascimento JMC 24-May-2013 Brazil Goias Posse   -14.3051 -46.6338 525 
DBO-096 Nascimento JMC 24-May-2013 Brazil Goias Posse   -14.3051 -46.6338 525 
DBO-097 Gonzalez SM, Ramirez YP, Granada DM 26-Jan-2011 Colombia Caldas Manizales Q. Romerales  4.9886 -75.432 2470 
DBO-098 Gonzalez SM, Ramirez YP, Granada DM 26-Jan-2011 Colombia Caldas Manizales Q. Romerales  4.9886 -75.432 2470 
DBO-099 Gonzalez SM, Ramirez YP, Granada DM 26-Jan-2011 Colombia Caldas Manizales Q. Romerales  4.9886 -75.432 2470 
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Oligoneuria (Yawari) anatina sp. nov. (Ephemeroptera: Oligoneuriidae) 
from the extreme north of Brazil 
 
 
Massariol FC, Cruz PV 
Zootaxa 4007 (2), 242–250. 
























Oligoneuria Pictet: phylogenetic analysis and description of three new 
species from Brazil (Ephemeroptera: Oligoneuriidae) 
 
 
Salles FF, Soares EDG, Massariol FC, Faria LRR 
Systematic Entomology 39, 223–241. 
Publicado em 2014 
doi:  10.1111/syen.12048. 
 
 






























4 CONCLUSÕES GERAIS 
 
 São reconhecidas três subfamílias de Oligoneuriidae: Chromarcyinae, Colocrurinae e 
Oligoneuriinae; 
  Oligoneuriinae é dividida em quatro tribos: Oligoneuriini (Oligoneuria + Lachlania + 
Spaniophlebia + Yawari), Homoeoneuriini (Fittkauneuria + Homoeoneuria + 
Oligoneurisca + Rianilaneuria), Elassoneuriini (Elassoneuria + Madeconeuria) e 
Oligoneuriellini (Oligoneuriella + Oligoneuriopsis). Homoeoneuriini, Elassoneuriini e 
Oligoneuriellini são propostas pela primeira vez; 
 Os subgêneros Madeconeuria e Yawari são elevados à nível genérico; 
 Oligoneuriidae surgiu há cerca de 150 milhões de anos atrás no continente Gondwana, 
porém restritos à Região Neotropical. A família alcançou a Região Neártica através de 
dispersão de seus ancestrais a partir da Região Neotropical e a Região Paleártica e 
Madagascar por dispersão de seus ancestrais a partir da Região Afrotropical; 
 Oligoneuriidae apresenta atualmente 68 espécies distribuídas em 14 gêneros. Seis 
espécies são descritas na presente tese: Lachlania alcidesi, Lachlania aldinae, Yawari 
truncata, Yawari anatina, Oligoneuria (Oligoneurioides) amandae e Oligoneuria 
(Oligoneurioides) mitra; 
 Pela primeira vez chaves de identificação para ninfas e adultos de Oligoneuriidae em 
nível de subfamília, tribo e gênero são apresentadas; 
 Um novo projeto chamado “DNA Barcoding of Oligoneuriidae” é criado no BOLD com 
97 sequências representando 73% dos gêneros viventes e 20% das espécies descritas; 
 Oligoneuriidae possui um alto valor máximo de divergência intraespecífica (15.05%), o 
que pode ser atribuído à Homoeoneuria watu, Fittkauneuria adusta, Oligoneuria 
(Oligoneurioides) amazonica e Elassoneuria sp.1, que provavelmente constituem 
complexos de espécies; 
 A família não apresenta uma lacuna no DNA barcode global, porém possui uma lacuna 
no DNA barcode local; 
 A fim de aumentar a resolução da árvore filogenética de Oligoneuriidae e assim propor 
hipóteses filogenéticas e biogeográficas mais robustas é altamente recomendável: 1) a 
inclusão de dados moleculares para os táxons não representados no presente estudo: 





Região Neártica; 2) a incorporação de novos marcadores moleculares, assim como de 
novos caracteres morfológicos; 
 É altamente sugerido a investigação taxonômica de forma aprofundada e integrativa 
de Homoeoneuria watu, Fittkauneuria adusta, Oligoneuria (Oligoneurioides) 
amazonica e Elassoneuria sp.1, por se tratarem de possíveis espécies crípticas; 
 Encoraja-se o desenvolvimento de pesquisas com o objetivo de esclarecer aspectos da 
biologia dos oligoneurídeos. 
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